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Notes on the Total Eclipse of the Sun of July 18, 1860, as 

observed in Spain. By Captain W. S. Jacob, lute Ifi- 
rector of the Madras Obserratorj. (Plate I.) 

The writer of these notes waa one of the party wlio accom- 
panied the astronomer royal to the north of Spain in the 
Himalaya, the steamer liberally provided by government for 
the conveyance of such astronomers as desired to observe the 
eclipse, which would be total there, and in no other part of 
Europe. The greater portion of the expedition landed at 
Bilbao, and then dispersed themselves in small parties along 
the line which the moon's shadow would traverse, selecting 
the most favourable spots, according to the best information 
procurable, in which they met with invaluable assistance from 
C. Vignoles, Esq., the chief engineer of the Bilbao and Tu- 
dela Railway, whose operations had made him well acquainted 
with the country, and who was at the pains of printing a 
pamphlet containing all the information likely to be useful, 
accompanied by a map, on a large scale, of the country em- 
bracing the track of the shadow. 

Our party consisted of Professor Grant and Dr M'Taggart, 
both of Glasgow, and myself, accompanied by Mr Martin, C.E., 
one of the engineers of the railway, who accompanied us as 
interpreter and guide, and materially assisted all our arrange- 
ments; for it should be stated, that through the liberality of 
the directors, each party waa accompanied by an engineer, or 
other functionary of the railway, used to the ways of the 
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2 Captain W. S. Jacob's Notes on the 

country and speaking its language. The point which we had 
selected was the pass of Penacerrada, where the road from 
Vitoria to Logrofio crosses the Sierra de Tolono, a mountain 
ridge of some length, the summits of which rise to between 
4000 and 5000 feet in height. Here we had been led to 
expect, almost certainly, an unclouded sky. But the de- 
rangement of climate, which we have experienced in the north, 
has partly extended also to Spain ; and on our arrival, on the 
morning of 17th July, at the village of Penacerrada, where 
the aeeent of the mountain commences, we were dismayed at 
finding no improvement in the weather; on the contrary, the 
clouds reached almost to the foot of the hills, so that our 
purpose was quite frustrated of selecting a suitable spot for 
our instruments, getting tbem into adjustment, fixing latitude 
and time, &c., so that there might be nothing to distract our 
attention on the day of the eclipse ; for on the hill we could 
not see five yards before as. There being no remedy, we 
returned to the village inn, to wait with patience till the next 
morning. Our advent caused some stir in the place, and we 
Lad a call in the afternoon from the Cura (or parson), a mild, 
respectable looking old gentleman of near seventy, who, in the 
absence of our interpreter, conversed as well as ho could in 
Latin with Dr M'Taggart, our stock of Spanish being very 
limited ; but on Mr Martin coming in, we drew from him some 
reminiscences of the battle of Vitoria, a portion of the English 
forces having encamped near the village on the day preceding 
the battle ; and he spoke with affectionate respect of the Duke 
of Wellington, calling him the father of Spain. At Vitoria, on 
the contrary, we found the inhabitants rather French in their 
sympathies, and for the most part ignorant of the fact of a 
decisive battle having been fought in their neighbourhood. 

The morning of the 18th dawned with prospects but 
slightly improved ; the sky still quite overcast, though the 
clouds were higher on the hills than yesterday ; and as we 
began to ascend about 6 a.m., they gradually rose above us ; 
and when wc had reached the summit of the pass, about 3500 
feet in height, ttiey were still above our heads, but perched 
on the mountain peaks. Just beyond the top of the pass a 
magnificent view awaited us ; we looked down on the valley 
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Total Eclipse of the Sun as obeerved in Spain. 3 

of the Ebro, winding its way among vineyards and corn fields, 
about 2000 feefc below us ; southward there was a clear view 
to the mountains of Burgoa, some thirty miles distant, with 
their heads still in the clouds, while along the line of the river 
the eye could sweep from the hills of Pancorbo in the north- 
west to near Tudela in the south-east, a range of more than 
eighty miles. Many towns and villages were discerned, 
among which were Briones — which though distant eight miles, 
seemed almost at our feet — Haro, Logrono, and La Guardia. 
Patches of sunlight could be seen in the distance, on beholding 
which, some of us were for pressing on immediately and de- 
scending to the plains, under the impression that the clouds 
were clinging to the mountains ; but were induced to wait by 
the suggestion that our mulea needed rest, and that there 
would be abundant time to move on some hours later should 
the weather not improve, while by leaving our vantage-ground 
we should lose some of the most interesting phenomena, viz., 
the effects on the distant landscape. We therefore took up a 
position, on a rocky ledge jutting out over the valley about 
500 feet below the top of the pass, directly above the village 
of Leza, and were gratified by seeing the sun break out a 
little before ten. We were thus enabled roughly to fix our 
time and latitude, which latter was found to be 42° 34'. 
Towards the commencement of the eclipse the sky bad quite 
cleared ; the first contact was noted at l"" 48"" 32^ (approxi- 
mate Greenwich time) ; at 2*" SO"", the light and heat had 
sensibly decreased, and the former had taken a decidedly 
yellow tinge ; at 2^ 44™, Venus was caught in the telescope 
as the finest possible crescent, being very near conjunction ; 
at 2'' SS™, she was seen with the naked eye, and Jupiter about 
2 minutes later. At 2'' 52"", several tabular mountains on the 
moon's limb were noticed near the south cusp, giving it a jagged 
appearance. At 2" 57™, long coloured rays, like those of 
inflected light, were seen proceeding outwards, or to the left 
from the sun, now become quite a thin crescent. At 2'' 58™, 
fine parallel lines of shadowy waves running nearly north and 
south, were seen moving rapidly eastward over the rocks, 
accompanied by a flickering in the air. The light had now 
become very dim ; an inky gloom prevailed up the valley 



4 Captain W. S. Jacob's Notes on llie 

westward, and a sickly yellowish hue eastward, while in the 
plain below, the shadows of small passing clouds seemed un- 
usually black and sharply defined. At S"" 1™ 0*, the sun 
disappeared, the corona having suddenly flashed out ten 
seconds previously on the opposite side of the moon, and 
spread almost instantly round the circumference like the 
opening of a fan. In the telescope four prominences were 
seen, not at all resembling either flames or clouds, but nearly 
colourless, barely tipped with rosy points, and having clear 
definite outlines ; one of them near the vertex looked some- 
thing like a tree, or rather a cabbage ; another a little to the 
left was quite detached ; those on the left side gradually dis- 
appeared by the advance of the moon ; one of these was shaped 
like a mitre, and as it sank, another, almost precisely similar, 
emerged at the opposite point; this last continued visible a 
short time after the sun's reappearance, which took place at 
3" 4™ 23", without any trace of Sally's beads ; the corona was 
visible about 1 2 seconds longer. During the obscuration, Jupiter, 
Venus, Mercury, and Saturn, were well seen, as also Regulus 
and Castor. Round the horizon a deep orange tint prevailed 
to the height of some 10°, against which the distant hills 
showed very black, while the low clouds looked rather of a 
dirty green, somewhat like tarnished brass. The shadow 
passed away down the valley rather like a faint shower, but 
paler and more uniform. The light during the total obscura- 
tion was certainly much greater than that of the full moon, 
for the watch could be read with ease, but the light was of 
quite a different character from moonlight, resembling more 
the gloom of a heavy thunderstorm after sunset. About 
gh Ym^ thftre was a repetition of the shadowy lines and flicker- 
ing light, the cause of which was not apparent. The hue of 
the corona rather resembled dead silver, and there were rays 
proceeding from it about twenty in number, but of irregular 
lengths and intervals, the longest extending near 30'. A 
number of persons from the village had collected about us 
soon after the commencement of the eclipse, and neither they 
nor the animals which accompanied them (mules and dogs) 
showed any signs of emotion or alarm at the coming on of the 
darkness ; yet I must confess to have been conscious myself 
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of a certain undefinable feeling of awe, arising no doubt from 
the strange aspect of things, and the unusual garb which all 
nature seemed to have put on ; the livid gloom that seemed 
pouring down from the sky ; the purplish-black of the moun- 
tains, which seemed to draw them closer to us ; and above 
all, that strange black spot in the heavens with the mild 
glory round it ; all conspired to excite a sense of wonder, even 
though the mind was prepared for some such phenomena. 
The prominences were not seen by any of our party with the 
naked eye, nor during the time they were watched was any 
change discernible in their forma, beyond what was caused by 
their being covered or uncovered by the moon, 

The country through which we passed impressed ua favour- 
ably. The productions, unlike those of southern Spain, much 
resembling our own, the greater warmth of climate being 
indicated by the luxuriance of the wild plants and flowers, 
the forwardness of the harvest, which had already com- 
menced, and especially by the way in which the vines flour- 
ished in the open air, though no large vineyards were seen 
excepting near the Ebro. The Rioja wine, made in the upper 
part of the Ehro valley, is of good quality, somewhat re- 
Bemhling Burgundy, and would probably find favour in Eng- 
land if better known ; it can be purchased at about Is. per 
gallon. The people seemed physically a fine race, the women 
and children being remarkably handsome; but though some- 
what less under priestly domination than formerly, they are 
still feeling its effects, and with some considerable degree of 
civil, there seems to be very little religious freedom as yet, 
no worship but the Roman Catholic being tolerated. Wo were 
hot troubled by any custom-house inspection either on arriving 
'Or leaving, nor were our passports once asked for. The accom- 
panying diagrams (Plate 1.) show — No. 1, the appearance of the 
corona to the naked eye, as drawn from memory the day after 
the eclipse.* The places of the prominences are just indicated, 
though they were not seen with the naked eye. No. 2 shows 
the forma and positions of the prominences, as referred to the 
Borthern point of the limb, which is the lowest in the diagram, 

* The light was ratber more diffoae, nnd tfac raje 1*is hard and dlaiinct, 
dan the print reppeamitH them. 
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and as they appeared about 30 seconda after commencement 
of totality, excepting d, whieli is shown as it appeared just 
before the sun'a reappearance. 



On the Eruption, in May 18&i, of the Kottugjd Volcano, Ice- 
land. By W. Lauder Lindsay, M.D.,F.L.S. (Plate II), 

On the 6th June last I went on board the " Arcturus," 
Danish mail screw steamer, which was then at Grangemouth 
en route from Copenhagen to the Faroe Islands and Iceland, 
Captain Andresen, its commander, informed me as the latest 
news from Iceland, that the Kiitlugja volcano, after a qui- 
escence of thirty-seven years, had just hurst out afresh. He 
expressed a hope that his passengers might have an opportu- 
nity of seeing it in eruption ; and promiaed, with a view to 
their doing so, to run as close as he safely could along the 
south coast of Iceland, about 20 miles inland, and to the north 
of which the said volcano is situated. On the 8th we sailed 
from Grangemouth; on the Ilth we touched at Thorshavn, 
the capital of Faroe. Early in the morning of the 13th wo 
sighted the south coast of Iceland, in the direction of the 
Ortefa-jijkul; and on the afternoon of the same day we ran 
close along the coast between Portland Huk and the West- 
manna Islands. The weather was magnificent, the sky com- 
paratively serene ; and we had therefore the best, and — per- 
haps for Iceland, — unusual, opportunities of scanning the whole 
range of the southern Jiikuls," from the celebrated Ilekla in 

* The word Jiikul is generally trimslBted Glacier, or gloricr-coveced moun- 
tHin. lIcnderaODt (in a, foot-note, jdI. i. p. 39J shjb, it "signifies an lee-jnoiin- 
(din, and is derived from Jski, a lump or frngmeDl of ice." Tbs Icelandic 
Jokul, howercr, eo fur aa I could ascertain, is simply a muuntain genemlly 
covered more or less throughout tbe year with snow. I say deliberately 
gfMTalUj, and mere or tea ; for under certain eircuiuitunces, — t.g., during 
very warm sumaiera, or in their soutliern esposures, — boidu of those moun- 
Uios may ha someliraos etripped partially, or perhaps even wholly, of tlieir 
anowB. On the 13th June, when 1 passed Byatjalla aod Uyrdala jokuli, thera 
was olmoft no enow on the tops of the lailer, and not a great deal on the 
shoulder of the former. Only here and there on Eynfjalla did the raaw 
extend any distance down the mountain, while the whole of the lower parts of 
t Vidi foot-note page 9 of tlii' article. 





,,./! 



■. ' f " 



^1* 





A 



1»T 



I 






^'^^^ — -"^^-^ - . _^VGIXX .= 



■ ■llf II -_ « ^ -. V 



THEM- : -: 
PUBLIC i.i..:.A..Ui 



A6T0R, LENOX AND 
TILOEN FOUNOATtONd. 



the west, to the more imposing Orsefa in the east, and parti- 
cularly the range of the Ejafjalla and Myrdala jokule, of 
which latter Kijtiugja is a part. At one time some of the 
more sanguine passengers fancied they saw a column of smoke 
arising in the direction of Kotlngja ; but thia soon proved to 
he merely a passing cloud of pseudo-columnar form, which 
happenedfor a few moments to rest on thatpart of the shoulder 
of Myrdala-jukul, behind which we knew Kbtlugja to be situate. 
The cloud in due time floated past, and all waa again serene; not 

lIjrdalB-joVul were uncovered. This apErae covering waa the more noteworthy, 
inHBRiuch as the southern outliers of the Perthshire Grampians,— hills of only 
aboat 1000 to 1800 feoC of elcvBtion, hid still a coating of snow on tbcir eum- 
mitB wben I left Scotland, which coating did not altogether disappear from 
■oma of them till the middle of July 1 There was abo a little snow on the tops 
of the highest of the Faroeee hills on lltb June. The lide of Eyafjalla and 
Hyrdals jokuls exposed to our view was however the southern or warmer ; and 
it is quite probable that the northern side of both was more plentifully shrouded. 
In Iceland, u in other mountainoua countries, it does not always happen that 
the highest mountains are most plentifully covered with snow. At the time 
of my visit to Iceland, during June, Snasfells-jokul, on the west coast, which is 
probably the most handaome andstrilcing of all the Icelandic jiiliQia, and which 
is quite visible from lieykjarik, forming the westeni termination of the hilly 
eoaatofthe Fax^fiord, appeared covered wiib snow to its base. Its height, 
bowBver, is only 4i577 Danish feet, and it is therefore inferior in point of ele- 
-Vation to Eyorjalla (SJ32 feel), IlekU (19G1 feet), and Ora:fa (6241), all of 
which had a smaller covering of snow. So far as I am aware, there are few 
«™« glaeitrs in Iceland, what Gunnlaugsson calls SMdjUklar (" Gladeri mou- 
vonJi"). The most familiar are southern offshoots of the extensive Vatnajokul 
or Klofa-jiikol, which is also situated in the south of Iceland, not very distant 
from Myrdals-jokul, more to tbe east, and intermediate between it and Orsfa- 
Jokul. The best known ami largest of these glaciers are two, vii., the Skeidar- 
■r-jBkuI, andtheBreidamerkr-jokul. ExcellentdescriptionEof these— the fullest 
iliable I know— will be found in Henderson, vol. 1, pp. 237 and 265. 
the glaciers in question, and the vast snow-fields from w 






indeed tbe whole range of Jokuls from Hekia to Orxfa, with tho low- 



in ing between them and tbe sea, would richly repay investigation or 
exploration by any of our geologists. " The phenomena of these vacillating 
jekals," says Uenderson, who himself visited them (vol. i. p. B68), ■' would 
receirs much elucidation from a survey of tbe situation and appearance of those 
parts of them, which lie towards the interior of the island ; but the dangers 
'ery attempt to explore tbem are more than sufficient to damp 
the zeal, and check tbe enterprise, of the most impassioned lovers of Katural 
History." ()) The main difficulty is bow to get at them from Reykjavik, which 
letter is easily reached from Scotland (vide " Iceland a new field for Toariats," 
PirthiKire Advertiser, August Sd and 9th 1860 ; " Recent Eruption of the Eiit- 
Ingji Volcano, Iceland," Daily Seotsman, Aug. 16, or, Glai^ow Daily Berald, 
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a vestige of any eruption, present or past, was to be seen from 
the deck of our steamer. To the tourists on board, who were 
mostly naturalists,* thia was a source of disappointment ; to 
the Icelanders and Danes, f it was, on the contrary, a cause of 
heartfelt gratification. The latter gentlemen naturally evinced 
great anxiety on the subject of the reported eruption ; they 
anticipated ivith alarm the narrative of its devastations. There 
had been no volcanic eruption in Iceland since that of Hekia in 
1845-6. It was alleged that as yet Kotlugja had emitted 
only water ; but this, it was feared, was only a prelude to the 
more destructive ejections of lava. The season of the year was 
most unfortunate, too, — the winter had been long and severe, 
and the grass was only now springing up ; if the pasturages 
failed over any extent of country, the destruction of horses, 
sheep, and cattle, would be enormous, these animals being the 
mainstays of the poor inhabitants. Such anxieties and fore- 
bodings were however destined to agreeable disappointment. 

Aug. 17, I860.) But a. jnclit BspedLcLon would render auch inveBtigBtion* 
oom para live I J easy and cbeap. A parlj of naluralials, for instancB, cluLbing 
together, migbt bire a Bteam-yacbt for two or three monthe during euimner. 
Bay during June, July, nnd Augmi They would carry their own apparatus 
and provisions, teau, beddiiit'i t>nd borse-gear, with men to attend tbereto. 
Tbey sbonld engage one or more Icelanders, eiperienred in Icelandic travelling, 



•■ for I 






prvvisions ; by thia meani only would inaumirBble difficulttea bs avoidi 
The yacht could land the party at various [lolnts on the coast, where pnn 
and guides could be got for excursions of 50 or 100 miles (i.e., of two or tbi 
daya' duration) into the interior. Tbo«a of the party, who contented themsel' 
witli daily exc union i, migbCaleep moat comfortably on board their yacht 



'hile 



(he others would require to bo Independent of all human habitations, and sleep 
in their tents amid scenes, than which it is impossible to conceive anythiog 
wilder or grander. 

* Among tbem was a party of four, two yoang Germans, a Swiss, and an 
Orkneymnn, who took with them tents, borae-gear, photographic apparatus, 
and appliances for colleclioos, more eapecially in mineralogy, entomology, and 
ornithology. They subaeijuently apeul two months in Iceland, viaiting chiefly 
the moEt interesting district around ths itiyvatn in the north-east of the 
Island. There was uiso a Welsh copper amelter and mine proprietor. 

t Among the latter were the excellent Governor of Iceland, the Count von 
Trampe, whose bonhommit and intelligenea rendered him a moat agreeabla 
and servii:eabie aimpagnim de ca^ngt; one of the Syeaelmen or aheriffa of dis- 
tricts {aide foot-note, p. 35), with bis wife; one of the foreign consuls of Reyk- 
javik ; several of the principal merchants of Reykjavik and Uavnafiord ; and % 
lieutenant in the Danish stmy. 
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On the same evening, the 13th, we sailed through tlie group 
of the Westmanna Islands, where we landed a mail, and here 
we ascertained that the eruption of Kiitlugja had ceased about 
the end of May, having done comparatively little damage. 

At Reykjavik, the capital of Iceland, which we reached on 
the I4th, and where I spent eight days, I made special in- 
quiries as to the details of the eruption of Kiitlugja ; but the 
amount of information I obtained fell very far short of what I 
had expected to collect. I found a narrative in one of the Reyk- 
javik newspapers— the " Islendiugur;"* and Dr Hjaltalin, the 
physician -general of Iceland, drew up a similar narrative in 
English, which he requested me to get inserted in some of our 
Scotch newspapers, and which accordingly appeared at full 
length, and as it was put into my hands, in the " Perthshire 
Advertiser.''^ These narratives, so far as they relate to the 
eruption of May ISGO, are exceedingly meagre, and are 
founded on evidence— of a most vague and unsatisfactory 
kind — of persons resident in the south of Iceland, who had 
seen the eruption only from a distance, and who happened 
subsequently to viBit Reykjavik. These published accounts 
consist mainly, however, of a chronological history of former 
eruptions — this history being founded on, or derived from, 
old Sagas and other written or printed materials in the Pub- 
lic Library of Reykjavik, and being therefore likely to be 
accurate. But, in point of fulness and interest, where both 
accounts refer to the same eruptions, the narrative of our 
countryman HendcrsonJ is infinitely superior. I was un- 
successful during my stay in Iceland in meeting with any 
one who had actually witnessed the Kotlugja eruption for 
himself, and could give a coherent and reliable account 

* iBlsndingur oF Gth and 16tb June 1860, Vol. S aad G ^ " Eldgoa ur Kiit- 
Ingji." 

tPertbahira AdvertiBsr, or Strathmora Journal, for 16th August ISfiO: 
" Recent Eruption of the Kiitlugja Tolcsao, Iceland." 

X Iceland ; or, a Journal of a Residence in that Islsnd during tbe Years 
1811-15. By tho Rev. Ebeneier Henderson, D.D„ Ph.D., Jliifiiunarj of ihe 
British and Foreign Bible Society : 8to. EJin., 1818; illustrated with a Map 
lud Engrnvitiga. This work i can eoufideully commend as the best Drituli 
work OD Iceland hitherto published; apeclailji valuable from its authdr having 
himself visited the greater part of the island, aud come perionaity in contact 



't of the is 
with the most celebrated men therein. 
NEW GGBIES. — VOL. XIll. NO. I.— 
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thereof. There is, Bpeaking generally, both as to the present 
and the past, a great lack of information nseful to the man of 
science, as regards many of the most interesting local volcanic 
phenomena of Iceland. This depends on a variety of causea. 
While many Icelanders are devoted to the cultivation of his- 
tory and poetry — in which departments of literature they na- 
doubtediy excel — few or none seem to be equally attached to the 
natural sciences.* There is lacking, therefore, the enthusiasm 
and the knowledge necessary to the study of local geological 
phenomena. There may be said to be few, if any, naturalists \ 
proper in Iceland. The best natural history surveys J have been 
made by foreigners — Frenchmen, Germans, Danes, and Eng- 
lishmen. Further, it must be stated in extenuation or excuse, 
that journeys in Iceland, especially during the winter, spring, 
and autumn seasons, are not only attended with difficulty, hard- 
ship, and danger, but with considerable expense. The latter 
barrier may be the more powerful, inasmuch as the cultivators 
of literature or science among the Icelandic people are not 
overburdened with money. Surveys of Iceland by Icelanders 
have generally been undertaken at the expense and instiga- 
tion of the Danish Government, e.ff., that of twelve years' 
duration by Professor Bjorn Gunnlaugsaon, teacher of Natural 
Philosophy and Mathematics in the Government College at 
Reykjavik (whose acquaintance I had the pleasure of making 
at the latter town), which resulted in the publication of the 
finest and most accurate map of Iceland extant. § Itisevident, 

* It is but fiiir to state that an opposite opinion will be found recorded in 
Ibe Edinburgh Cabinet Library volume on Iceland, p. 217. 

t Fidtroot-nota, p. 31. 

X Of these, none hare been conducted on so magnilicent a scale and ia ex- 
haustive a plan BS the vojnge of " La Recherche," under the auspices of tba 
French GoverumeDt : " Voysgs en Islande et an Grsnlande ex6cat£ pendant les 
annCes 1S3S and 1336, sur la Corvette La lificherche;" 6 vols. Paris, 1840, 
folio, with a mognieccnt atlas ; edited by Dr Paul Oaimard. It contains a 
thapter by M. Robert on Icelandic Volcanoes (and on Icelandic geology and 
mineralogy generally}, and is altogether by far the flcest work on Iceland that 
ha9 hitherto Bp]]eBred. Its eipeoaiveness, however, places it quite out of the 
reach of ordinary readers. 

5 " Ifppdrittr Islands fCarte 6' Islande) i. fjornm blodum, (en quatre feu- 
illes) gjOrdr ad fjriraSgn Olafa Nikolas Olsons (eiScuti-e sous la direction de 
M. 0. N. Olien) gefinn (it af «nu Isienika B6kmentafelagi (puhHfe par la So- 
ci6f6 lillfirairo d' Uiande : ") llfjkjavik and Copenhagen, 1344; scale of 
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then, that a volcanic eruption at a diatance of 80 or 100 milea 
from the capital is not a phenomenon likely to attract visitors 
from Reykjavik, or to induce them to andergo the tediousneas, 
peril, and expense of Icelandic travelling — the object to be at- 
tained being apparently but a slight increment to geological 
kuowlege. We are therefore generally dependent, for informa- 
tion as to local volcanic phenomena in Iceland, on the testimony 
of persons living near the localities concerned. Occasionally 
these persons are Jocal clergymen or physicians, and it is fortu- 
nate for history and science when it is so ; for these men being 
highly educated, and able to separate fact from fiction — the 
evidence of their senses from the omne ignotumpro magnijico 
of superstitious, ignorant, or terror- stricken peasants — are usu- 
ally trustworthy witnesses. Since my return to Scotland, I have 
received from m-j Reykjavik friends files of newspapers pub- 
lished there subsequently to my departure ; and In the " Islend- 
ingur" for 19th and 26tb July (Nos. 8 and 9), I find a most 
interesting diary kept during the recent eruption, from 8th to 
28th May 1860 by Sjera (Rev.) Magniis Hiikonarson, clergy- 
man at Eoynir and Hofdabriikka in Jlyrdal. It does not 
always happen, however, that the historians of volcanic erup- 
tions in Iceland are such trustworthy and competent wit- 
nesses. Too frequently the sole witnesses are peasants living 
at the base of the volcano, whose houses and herds are devas- 
tated perhaps by the first water-flood or shower of ashes, and 
who immediately flee in alarm and despair — panic-struck and 
poverty-struck — either exaggerating or misinterpreting actual 
phenomena, or, what is quite as likely, allowing their imagina- 
tion to picture phenomena that never occurred. It is neces- 
sary to bear all this in mind in reading the history of volcanic 

aboaC 6-8 miles to tha incb. Prica aboat 16a. iii Geyjavik, 30b. id Brl- 
t&iu. At tbe ttme when tbia map vraa poblishod, I know of do country io the 
world that bad been so minutely surveyed, and i>t no map so beautirully en- 
graved, to accurately constructed, and un such a ecale. The OunUh Govarn- 
ment pride theoiaelvee on thla national survey and ita results; and I may add, 
prida themselves justly. Professor Uunnlaugsson, I believe, apent twelve years 
in explorlDg every part of Iho island ihat waa at all aiMiessible to human toot- 
itepa. Every precaution waa taken to enaurs accuracy. The moat minute details 
were laid down iu tlis map in question, which is indeed the only accurate and 
trustworthy map — lAe ttandard map — tif [eeland. 
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eruptions in Iceland. Our first inquiry in many inatanfcs h, 
or ought to be, How far are such statements true, or likely to be 
true? And if we institute such inquiries as regards the histories 
of the former eruptions of Kiitlugj.l, we will be forced to thccon- 
ctoaion that almost none of the narratives can be accepted aa 
giving an implicitly aocurate account of the real phenomena ! 
Simply aa a contribution to the history of volcanic pheno- 
mena in a country which, in respect of the importance and 
interest of auch phenomena, ia unparalleled in the world, I 
would have endeavoured to collect into one paper the informa- 
tion — not very accessible to the British geologist — contained in 
the Icelandic newspapers or other annals regarding the recent 
eruption of Kutlugja- In no part of the world are volcanic 
phenomena on so gigantic a scale as in Iceland. The calcula- 
tions of Professor Bischoff show that the mass of lava thrown 
np by the eruption of Skaptar-joknl in 1783 was greater 
in bulk than Mont Blanc* The same eruption caused the de- 
struction of some 9336 human beings, 28,000 horses, 11,461 
head of cattle, and 190,488 sheep, according to Henderson,! 
either 1. Directly by the molten lava ; 2. The noxious sulphu- 
reous or other vapours causing pestilences ; 3. The desertion of 
the coasts by fish ; or, 4. The devastation of the pasturages by 
ashes and sand. In Iceland there are lava streams 50 miles 
long, 12-15 miles broad, and GOO feet deep. J Portions of these 
streams sometimes form hills as high aa Arthur Seat or Salis- 
bury Crags ; and such is the persistence of the heat, that renta 
in the lava have been found still smoking or filled with hot 
water so long as eleven years after an eruption. In no part 
of the world, of tho same extent, are there so many widely 
separate vents or foci (about twenty) of subterranean igneous 
action. Tho boiling springs, which are most numerous, show 
of themselves that sueh action is going on under the whole 
island. But I am the more inclined to regard an account of 
the recent eruption of Kotlugja as an interesting, though very 
small, increment to geological knowledge, from the conviction, 
to which I have been led by studying the literature of Icelandic 

* A larger moBs of lava bj far Ihan was ever thrown out from a single 
viiloBno at one timn in any part of the world. 
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volcanoes in the library of the University and other public in- 
Btitutions, in Edinburgh, that comparatively little is known in 
thia country regarding any of these volcanoes with the single 
exception of Hckla. I have frequently, indeed, met with the 
belief that Hekla is either the only, or the principal, volcano in 
Iceland. Both these suppositions are erroneous. I have al- 
ready casually stated that there are probably twenty separate 
volcanoes or volcanic venta in Iceland, and Hekla is not the 
most important of these from any point of view. In regard to 
the extent of its eruptions, the quantity of lava thrown out, 
or the devastation caused to men and cattle, it falls very 
far short of Skaptar-jokul. In point of geological interest, it is 
inferior to the volcanoes around the Myvatn ; and it appeared 
to me less majestic and of inferior elevation to several other 
volcanoes or jiikuls I saw — and I had the opportunity of seeing 
only a few of those of the south and west coasts. " There 
is little in the appearance of Hekla to attract the notice 
of the traveller," says Henderson, vol. i. p. 341, " even 
supposing him never to have seen any other mountains but 
those in the vicinity. . , . When I had it direct before me at 
a distance of about twenty-four miles, it sank into comparative 
insignificance ; nor do I conceive there is anything about 
Hekla that is calculated to make an indelible impression on 
the memory except an actual eruption." . . . Hekla's re- 
putation, I fear, is destined, by the gradually becoming more 
frequent visits of British tourists and naturalists, to pale and 
fade, while that of Skaptar.Krabla, and Kbtlugja, will probably 
increase correspondingly. Next to Skaptar-jiikul, Kcitlugju, is 
apparently the most dreaded of the Icelandic volcanoes, and 
is the most interesting and important in regard both to the 
character of its phenomena and to the devastations which its 
eruptions have from time to time produced. According to some 
writers, the first eruption of Kotlugji in 894 — the last being the 
fifteenth. — is the first volcanic eruption in Iceland chronicled 
in Icelandic annals, a circumstance which, if true, ought to 
give to this volcano an additional claim to our attention.* 

* The EJinljQrgh Cabinet Library Tolume on Iceland (p. 361), howeyer, men- 
lioni the etrlieat rscnrdcd volcanic crnption — in the 9th cntar}' — as that of 
Eldborg, a maunliiin at tbe bue of the promontDr^ of Snnifellnen in ibe 8dk- 
f»ll-aja<el. 



Dr Lauder Lindsay on the Eruptio 



14 

So little ia known in this country regarding Kiitlugj^ tliat 
I need offer no excuse for prefixing a few remarks on its topo- 
graphy and geology. In the title of this paper, and through- 
oat these remarks, I speak of Kbtlugj4 as a volcano. In 
doing BO, I follow the Icelanders themselves, and I conform to 
usage ; hut the term is one of convenience, and is used in its 
wideat sense, as signifying a mere vent for the ejection of igneouB 
matter from the interior of the earth. Kotlugj4* is not a volcano 

* Ktidagji b very varloualy Bpelled, refarreiJ to, or laid down in worki of travel 
nnd mnps. It is sometlmeE called dimply Eatia, Kotla, or EiiUu ; at otter timet 
the word "jokul " iji added, and it becomes Kstla, Eotln, or Eotlu jiikul, In 
some maps it does oot appear stall, either as fissure or volcano. Thia Ii the can 
in the map of Iceland attached to that of Denmark in Keith Johatton'i "NatloDBl 
Atlas," which is generally supposed to be tha most sccarate and beaatlfuUj 
drawn atlni extant. This map of Iceland is less inaccurate thnn former British 
maps of that ialand^not one of which, however, is in all respects correct. 
Indeed, the only accurate map of Iceland as yet published in any country (and it 
Btill leaves some 400 square miles of snow-field unaccounted for) is tbatof Gunn- 
laugsson before meotioned; a map which does infinite credit both to its aatbor 
as an individual, to Iceland, and to Denmark. The same mnp, on a smaller 
Bcate than that mentioned in the foot-note of page 10, may be had at it eorae- 
spondingly less cost; and by travellers it is generally preferred to the larger 
one, as more convenient, while it la equally accurate. In the map coutaiDed ia 
llenderflon's " Iceland," Myrdals-jokul is called Kotlugju-johul ( but the whole 
inol be relied oo. Arrowsmith, ib a chart of Ice- 
is a mistake of no less tban siity-eeven miles in 
, as is pointed out by Barrow (" A Visit to Iceland 
.wer of Yarrow yacht in the Summer of 1831." 
still older maps, both Danish and English, (he 
it capital of Iceland, does not appear — the capital 
tated to be Skalholt, which is now a mere farm! "Great In- 
ilsln the old maps regarding the position of Iceland, most of tbem 
.... placing the North Cape in far too high a latitude. According to Olafsaen'a 
map, itsexteoC would be 56,000equareniiles. . . . Egger's reduces it to 29,836." 
So says the author of " An Historical and Descriptive Account of Iceland, Green- 
land, and the Fariie Islands, with Illustrations of their Natural History," being 
volume twenty-eigbtof the Edinburgh Cabinet Library: Edinburgh, 1840 (foot- 
note p. 19). This volume is an excellent compilation of all that was known re- 
garding Iceland up to the date of its publication ; and even yet, in many respects, 
it is by far the most serviceable handbook for the traveller, seeing that the ubi. 
quitous " Murray" has not yet sent special envoys to Iceland. But in certain 
other respects it is not altogether to be trusted ; in the chapters on Natural 
History, for instance, it appears to me to contain many errors, of which more 
anon. These, however, are not due to any inherent deficiency or inaccuracy 
in the work as at the date of tls publiratinn, but arc to be attributed simply to 
the progress that has since been made by the explorations of geologistB, bola- 
niate, and zoologists i 



map is so Inaccura 
land publiBhed in 18' 
the longitude of the ei 
by way of Tronjem ii 
Loud. 183.^, p. 82). 
name of Reykjavik, tl 
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of typical or usual form — that is, an isolated cone-shaped hill, 
with an apicul, distinct, single crater. The termination of the 
word Kotluty'ii explains its true character. The word or aflSx 
ffjd, in Icelandic, signifies a fissure or chasm in the earth, pro- 
duced hy a subterranean igneous action of the same character 
as that which gives rise to earthquakes. Such fissures arc not 
quite peculiar to Iceland ; hut in no volcanic country are they 
80 numerous, so characteristic of the scenery, or on so large a 
scale. Theyare not common on the large scale in thewelt-kuown 
volcanic districts of the south of Europe— viz., those of Naples, 
Sicily, or Ischia. But I have lately seen them referred to 
as occurring in connexion with other volcanic phenomena in 
Syria and Peru. Mr Hogg mentions deep chasms or fissures, 
resembling the gjda of Iceland, as occurring in Lejah and 
Safah in Syria.* "Late news from Peru," says a writer in 
Chambers' Journal, "has attracted the attention of geologists, 
because of the terrible earthquake which has there taken place, 
with the unusual phenomenon of large chasms left permanently 
open at the foot of the raountains."t In Iceland, these gjua 
are of enormous size, both as to length, breadth, and depth. 
I do not wish to enter into detail, but would only refer to 
the descriptions by travellers of the well-known Allman- 
nagjdX and Ilrafnagjd, near the Lake of Thingvalla, on the 
road between Reykjavik and the Geysers. Many extensive 
gjda occur also in the Reykianes district in the south-west, 
and in the Myvatn district in the north-east. The fissure 
called Kotlugi is so large as to resemble an estensive valley; 
it ia situated on the north-east shoulder of Myrdals-jokul, and 
its direction is first from S.W. to N.E., and then turning at a 
right angle from S.E. to N.W, There ia no crater§ distinct 

* " On Gabel TlanrUn, iU acijtcenC Dislricta and (he Eastern Desert of 
ajria; with remarks on their Geography and Geology."' By John Hogg, M.A., 
F.R.a„ Ac. ; Edinburgh New PhiloBO]ihical Journal, April 1860, p. 169. 

t Chambers' Journal, June 30, ISfiO, p. 416 : " Science and Art of the Uonlh." 

X HenJerBOD, vol. i. p. 33, nets tbis iIowd as " not less than 180 feet deep ; 
in many places nearly of tbe sama width ; and aliout three miles in length." 
And at p. 35, speaking of the same neighbourhood, he describes " two parallel 
£BBure«, which in moat places are upward of forty fathoms in depth, and in some 
places no liottoia eon he found at all." 

3 Theprevalent ideaofa volcnnicfrawi-is, that itifl a cavity of the shape of 
an inverted cone, perched on the summit of an isolated muunlain. This is fre- 
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from this Gesure, which maj be considered %& dther iteelf the 
crater, or as coDtaining one or more apertures of eniption. 
Nothing, however, is known of (he ioteTior of this &3sare, 
which haa only been seen from a distance by one w two 
fayonred and fortunate iodiTidoaU. " Olafssen and Fovelses 
proceeded within a short distance of it in ITSS; but were 
obliged to give np their attempt, as they were enveloped in 
snow and mist and exposed to the rage of the volcano, which 
bad been seen to emit flames onlv two days before."* 
Henderson eaw the fissnre from a moantain behind Skapta- 
fell, slightly to the north-west of Or^fa-joknl, and he speaks 
of its "Iremendonsly yawning crater" as "distinctly visi- 
ble" at that distance, apparently abont sixty-five miles in 
a direct line (rol. i. p. 264). A clergyman, of the name 
of 3Ca Anstmann, who, with a guide, ascended Kdtlagj& 
on 12th August 1823,t has put on record a narrative of 
his excursion. He too only saw the fissure from a dis- 
tance; he describes it as quite inaccessible, having pro- 
ceeded towards it till all progress wiis stopped by enormous 
walls of basalt and obsidian. Badiatmg from the primary 
fissnre or g)a, as from a centre, diverge in every direction 
smaller chasms or rents, the depth of which Mr Austmann esti- 
mated at several hundred feet. The latter are usually filled or 
bridged over with ice or snow, and are therefore sources of pecu- 
liar danger to the traveller. Such dangers and difficulties in 
ascent are by no means peculiar to Kutlugjd ; they have been 
encountered on Sniefell-joknl, Orajfa-jijtul, J and others of the 
Icelandic jokuls — one range of which, from its in.'iccessibiiity. 
having never yet been explored,§ As a general rule, no com- 
petent guides are to be had ; and even if they were, this would 

quenUj the cbec; bat, in Icelind opeciallj, enters ire et<»ptioii*i and most 
irregulsr in their cliaPttcWr. They ure aperLnraa of every furm nnd size, ap- 
[le&ring indiscrlminotely on all pari;! of miUyt xs Wtll ai hills. 

•nrodereon'a Iceland, tol. i. p. 310. 

t Tbe ernption of 1823 tcrminalcd, uncording to some accoants, OD ISUi, to 
oiherSiOD 26th, July ; solhat tbia eicursiOQ nas made vrilhiu a few weeks after 

: A gra^ibic account of Dr Ffilnon's ascent of tbis J6ku] will be foiuid is 
HenderiOB, toI. i, p. 248. 

D tbe Boatb of Iceland, now the only oneiplored 
rding to UendersoD (Introduction, viii. vol. i.)i 
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not greatly diminish the danger, which consists chiefly In the 
fissures in the earth — filled or bridged over with ice or snow, 
as I have described in regard to KotlugjA — crevices in the ice 
or snow-fields, and immense walla of igneous rocks, mucli too 
precipitons to scale. Add to this, the usual ahsenee of har- 
bours of refuge, or places of refreshment of any kind; the 
imposaibiiity of procuring pj^sturage for horses, aud the con- 
sequent necessity of making toilsome pedestrian excursions; 
and I question whether any mountains in the world, of equal 
height, are so dangerous iu ascent as the Jijkuls of Iceland. 
There is thus reasonable excuse for the paucity of information 
on the physical geography and geology of Kotlugj^ and other 
Icelandic volcanoes.* 

Kotlugj^ then, is simply a fissure on the north-east shoul- 
der of Myrdale-jiikul, the result of early subterranean dis- 
turbances. Myrdais-jdkul, again, can scarcely be considered a 
separate mountain, but is rather part of a range which includes 
at least Ejafjalla and Godaland-jijkuls, according to Gunn- 
laugsson's map, which, aa I have already stated, I regard the 
standard map of Iceland. The height of Eyafjalla-jokul is 
B432 Danish feet ; the Danish foot being equal to 12|th Eng- 
lish inches, that is very nearly to an English foot. Myrdals- 
jokul is somewhat less lofty. Eyafjalla-jokul is a separate 
centre or vent of volcanic eruption. In the narrative of the 
earlier eruptions of Kotlugj^, given in the " Islendingur" of 
16th June 1860 (No. 6), an eruption of Eyafjalla in ISSlf 

occaples a spai^e of not leaa Chan 3D0D square tniles '. Mora modern authors 
eitimata thia unexplured territory, covered by perennial Bnoue, at 400 iquavu 
miles, and I am iiidined to regurd this as the more correct, 

*if the young undergraduates of Oifoidand Cambridge— b hose eioessive 
muBGular nctivity, jontbful enthusiaam, and English lovp of peril and adven- 
tare snnnally impel theiu in doicns to risk limb or life db tha Alps, wbicti 
lu>TB been overdonB and overrun by British lourista — would hetake thcmstlvea 
instoad Ca the jiiknie of Iceland, they might manage tha trip at equal, perhaps 
less, expense ; tbey would reap the pleasnies of novelty ; they would encounter 
equat perils, and they might earn oobler laucela, inasmuch as they could do 
muih to elucidate tha physical geography and geology of one of tbe moat won- 
derful and interesting countries in the Horld. 

t It occurred on the 19tb December ; was characterised by tbe ejectiOD of 
much Band, but did little damage. The eruption ie reported id the " K-laus- 
NEW SERIES. — VOL. XIII, NO. I. JA.V. 1861. 
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ia included ; but in Dr Hjaltalin's chronological aceoimt it is 
omitted, and we prefer to follow hia example. Myrdala-jokul, 
according to Gunnlaugsson, is sitoated in 63° 40' north lati- 
tude, and in 19° 40' west longitude ; and Kotlugji is a little to 
the south of the one parallel and to the east of the other — about 
twenty miles inland from the south coast of the island. The 
range of jokuls which I have just described is frequently the 
first land on the coast of Iceland sighted by ressela combg 
from Faroe or Scotland. It has a most imposing appearance 
in fine weather ; and, with the exception, perhaps, of Sntefell on 
the west coast, and Ortefa-jokul on the south coast more to the 
east, ihey are among the finest mountains to be seen on the Ice- 
landic coast. Eyafjalla. Godalond, and Myrdals-joknls, form a 
range about forty miles long, say some accounts ; fifteen to 
twenty aays Dr Hjaltalin, and twenty to twenty-four broad, 
running in a direction nearly E. and W. 

Geologically speaking, Kotlagja consists of Palagoniie-tuff, 
which is intersected here and there by trap-dikes of newer 
formation, mostly of basalt or obsidian. Thongh not quite 
pecnliar to Iceland, for it occurs likewise in Sicily, yet pala- 
gonite-tuff is so largely developed in Iceland, is of snch in- 
terest as the oldest geological formation therein, and is com- 
paratively so little known to British geologists, that I need 
offer no apology for devoting to it a few descriptive remarks. 
The jameTsA palagonite was discovered in 1838 as the basis 
of the volcanic tuff of Aci Castello in Sicily, by W. Sartoriua 
Von "Walterahansen.* He was led to give it this name from 
having found it in a volcanic tuff very abundant in the neigh- 
bourhood of Palagonia, Sicily, during an escursion to the 
celebrated Val di Nota in the autumn of 1840. The simi- 
larity of this tuff to the black basalt tuff of Militello, has been 

tnrpost," a former Iccluidic nen-spaper, not now eiistiag. According to the 
Edinbargh Cablijet Librerj volume on Iceluiid, the eruption began on 20th 
December, and continued with i o term i scions till July 1823, during wbicb intter 
month it! chief or only ejectioa consialed of atreain! of water. When thU erup- 
tion eeaaed, the 14th eruption (hereloafter recorded) of KStlagja began. 

*Fb;si9ch-GeogrBphifche Skizze Ton Island mit besonderer IttickBlcht Buf 
Vulkunieche Grecheinuagcn : abgedruckt aus der Ciittinger Studien; Gottin- 
gen, 1847." A gmall brochure, coating in this coantrj about 2!., and cODtain- 
ing by far the beat and moat recent oGCOont of the geology and phjiical 
geography of IceUnd. 



1 



of the Kiiilugjd Volcano, Iceland. 19 

proved by the analyses of Dr Merklein.* Lyell describes 
palagonite as "rather a mineral substance than a mineral, as it 
ia always amorphous, and baa never been found crystallized. 
Its composition is variabLe ; but it may be defined as a. hydro- 
silicate of alumina, containing oxide of iron, lime, magnesia, 
and gome alkali. It ia of a brown op blackiah-brown colour, 
and its specific density 2'43."'!' A specimen, labelled paZa- 
gonite, from the valley of Seljadalur, between Reykjavik and 
the Lake of TLingvalla, sent me by Professor Hannes Arnesen, 
lecturer on Natural History in the Government College, Reyk- 
javik, I is a substance apparently of a very composite character. 
To the naked eye it is of a blackish-brown colour, is amorphous 
and compact, and of a semi-vitreous lustre, somewhat resem- 
bling a pitehstone. It feels heavy and massive. Under the lens, 
it is seen to vary both in colour, texture, and density. Some por- 
tions are compact and glassy, resembling obsidian ; others are 
spongy, porous, or slaggy, resembling pumice or slangy-lava. 
Certain portions, which are generally also spongy or por on 3j are 
of a leek-green colour, and appear to be olivinic debris; others 
are pitchy black, and at the same time compact and vitreous, 
which are apparently augltic or hornhlcndic debris. Other por- 
tions, again, have more of a red colour, and resemble the com- 
pact Colo phonite of Arendal,or the compact titaniferoua Pyrope 
of Christian sand, both in Norway; such portions seem the debris 
of gametic minerals. Lastly, there are included what appear 
to be fragments of jasper, hornstone, and chalcedony, or the 
debris thereof. What has been sent me by Professor Arnesen as 
palagonite-tuff from the same locality, appears to be essentially 

»ln the "Gottinger Studien," 1846. Fart I. p. 403. 

r Uanual of EUmsctar^ Geoiugy. By Sir Charles Lycll, M.A., F.R.8. Sch 
edition. Lond. 18GB. P. 47-1, ; and Professor Bunsen or lleidelberg (who has 
recently been awarded the Cajiley medal of the Royal Society of Loadon for 
bii chemical researches) on Palugonite in the " AnoaleD der Chimls und 
Pharmacie," lil. 2G8. 

X In addition to the rocks and minerals collected by myself while in Ice- 
land, I have been fartuaate enough to receive from Professor Arneaen and Dr 
Hjaltalln a portion of the duplicates of the geological and mineralogical col- 
lection in the Government College of Reykjavik, Both these geatlemen are 
excellent geologists and miaeralogiste, aud I therefore feel warranted in rely- 
ing on the authenticity of the names and localities appended to the specimeos 
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the s&me thing in another form ; it is more porous and &i&ble, 
more intermixed with zeolites, or nith email impacted frag- 
ments of obsidian-like character; more of a red tinge, or gar- 
aetie ; and in some places more of a green tinge, or olivinic. 
These specimens are widely different from the palagonite-tuff 
collected by myself on the coast midway between Reykjavik 
and Havnafiord,or sent me by Dr Hjaltalin from the Fossvogur 
near Reykjavik. In the former place it is stratified and fissile, 
the rock forming low cliffs, which are rapidly being eroded 
by the waves. Some specimens were of the ordinary colour of 
clay, grayish, with a tendency towards a brownish rather than 
a bluish tint. Others were decidedly of a brown tint, while 
a few were ochreous from impregnation with peroxide of iron. 
The Fossvogur specimens are more of a brown tiut, more 
granular and arenaceous, and evidently contain more iron than 
those collected by myself. The iron shows itself on weathered 
sui-faces and in fissures, frequently as a coating of pavonine 
lustre or aspect. AH the palagonite rocks are more or less 
ferruginous. Palagonite lava, from the Vatn, Reykjavik, is of 
MO deep a brick-red colour that it resembles an iron slag, 
were it not for its superior lightness. To the naked eye the 
specimens collected by myself have the appearance of ordinary 
slate clays, but under the lens the following peculiarities are 
observable. In some specimens there are fragments of the 
shells of marine molluscs, beautifully preserved, but they are 
generally very few in number. Interspersed through the 
argillaceous basis are numerous masses, from the size of a 
pea to that of a hazel-nut, of a spongiform texture, moat fre- 
quently of a leek-green colour and olivinic character, some- 
times black and obsidian-like. There are also minute crys- 
talline masses, frequently about the size of a pin's head, 
some white, others black, in both cases generally of a vi- 
treous lustre, and with apparently a conchoidal fracture ; 
and, lastly, there is occasionally much intermixed granular 
matter of an olivinic aspect. These contents of the tuff are, 
it will be at once perceived, similar to, if they are not identical 
with, those of the palagonite and palagonite-tuff of Seljadalur. 
Two series of the palagonite-tuffs collected by myself were 
recently kindly analysed for me by Dr Murray Thomson, 
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Analytical Chemist, and Lecturer on Chemiatry in the Royal 
College of Surgeons Medical School, Edinburgh. No. 1 con- 
tained silica, alumina, lime, and iron; while No. 2 contained 
8'03 per cent, of iron.* The former waa of a grayish colour, 
* TtauugU not illuEtrative directly of Ihe structure or pIighdiiivdii oi Koi- 
lugjfi, still, B9 canlri but ions to tbe natural history of volcanic products in 
Iceland, I may here take the oppoi-tuniiy of reeoiding eome further analyf ea, 
kindly undertaken for me hy the Game cbemist, of various hot-spring naters 
nnd ilepositB, volcanic rocke, Ac, collected by myself in Iceland last suniiiier. 
I have Ditly to premise thattbepbraseBo&unifant, traces, &a., used by Ur Aluirsiy 
TboniKaa in the folluwiog aiialyeee, are intended to give an idea of theguand'Cy, 
where the amounis are not of sufficient iaterest or consequence to be mare pre- 

e Hot-spring of Laugurnes, about three miles to the north- 
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ertaioed by experiment = 
ir being 1000. 
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Chlorim 
Organic 
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II. Various mudst Or ( 
No. 1. Cobalt, 

Lime, . 



ame spring. 

abundaot. 

do. 
very abundBnt. 



in marked quantity. 

ubuudanE, 

in considerable quantity. 



Magnesia, 

Soda, . 

Silica, 

Sulphuric aeid, 
No. 2. Silica, alumina, irOH 
No. 3. Silica, iron, alumina; traccof manganese, lime, and magnesia. 
No. i, Silica, Iron, alumina, and magnesia, but neither lime oar 

III. Uudt-depoeitB fi'om tbe llut-aprings of Kciauvik in tbo south-nest uf 
Iceland. 
No- 1- ^™ 1"S«. 

* TbislBi^eamouutofstlicnisconfinnatory of ait former [lubllshcd analyses 
of the waters of tie Geysers and other hot-springs in Iceland. 

t In the various mud-deposits, Dr Thomson made careful but unsuccSBSful 
scare!) after several of the rarer earths, as yttria, glucina, and oxide of ceriuiu. 
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and clayey aspect ; the latter had an ochrey character. It 
will be observed that the composition of palagonite-tuff, ac- 
cording to the analyses of Dr Thomson, nearly correspond8 
with that of the isolated mineral palagonite, according to the 
analyses of Professor BunsoD, as quoted by Lyell, Dr Thom- 
son, however, found no magoeaia in my specimens; and this 
is nowise remarkable, when Ihe striking differences in tfae 
character of palagonite-tuffs is borne in mind, differences which 
probably imply corresponding variations in chemical composi- 
tion. The " some alkali " of Bunsen is too vague an expression 
and finding to be of any use as an item of comparison. My 
specimens of palagonite-tufF, then, may in general terma be 

MagnEBiB, . , . . small. 

Boda, . , . . . moderate. 

Salpburic acid, . . . large. 

Silica, do. 

The latter, when separated, beautifullj irhite and pur«. 
No. 2. Mud of a bluish colour. 

Silica, iron, alumina, rnanganese, lioie, lulphuric aud (partly 
in a free state), pbosphoric acid in amaJl quantity. 

IV. Crude Sulphur or Sulphur-muds from tbo Sulphur-beds of Krisuvik. 

1st determination gavB . 98-20 per cent, sulphur. 
2d do. 96-39 do. 

Mean of the two analy see, 97'29 do.* 

V. Havnatlorditet of Porchhammer, from the hilla immediately behind the 

village of Havnafiord, eight miles soutb-west of UejkjaTik, loeland. 
SOica, .... 3S'e9 

Lime, .... 1086 

Sulphuric acid, . . I'SS 

Protoxide of Iron, . . . 14-11 



VI, Trachyte (coloured green apparently by chlorite), from the Island of 
Videy, Bay of Reykjavik, Iceland. 

Silica, alumina, iron, traces of Magnesia. 

VII. Limestone (in boulders) Thorsbavn, Faru'e. 

68-12 per cent, carbonate of lime. 

* This is an unusually high percentage or sulphur, the crude Sicilian 
sulphurs uauallj oootaining not more than SO to DO per cent, 

t The ap. gr. is usnallj 2729 ; it appears to he a Lime-oligoclaee, belonging, 
therefore, to ibe Felspathic family of minerals, 
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described aa virtnally siliceous slaty claya, frequently cal- 
careous, sometimes to such an extent as to become marly ; 
frequently ferruginous, sometimes to such an extent as to 
become ochrey ; frequently granulaw; and to such an extent as 
to resemble argillaceous sandstones. Von Waltershausen de- 
scribes the Icelandic palagonite tuffs aa abounding less or 
more either in marine shells or in the siliceous skeletons of 
Infusoria.* The Sicilian palagonite-tuff is similarly charac- 
terised by the presence of marine shells ; in the basalt-tuff 
of Militello, there arc about ninety species of the shells of 
mollusca, or of the hard parts of echinoderms and Crustacea. 
If the lime.t which palagonite -tuff contains, is not entirely 
derived from such shells, there is every reason to suppose that 
it is in a great measure so, and that the percentage of liroe 
must depend on the percentage of shells. The number of 

* This infusorial cbaracter of volcanic tufTa is cot peculisr to Icelatiil. Sir 
Charles Lyell (in his Principles of Gcalogy. p. 388, 9th cd., Lond. 1853J givPS 
many other instanees. With tho exception of the FatagoDiaQ pumiceous tuffs, 
wliich contain marine lofosoria, all tha tuffs he mentions contain fresh-water 
Znfuaoria. Such tuffa cover Pompeii ; they are common on the Itbine, t.g., at 
UochBlmmer, od the left hank, near the Laacher see, ajid in the Brohl valley ; 
and they are to be met with also In Mexico, Peru, and the Isle of France. It 
i« supposed that the materials composing eome of tbese infaaorial beds fell aa 
dust, while tbat of others issued as mud from craters, which were in some in- 
atancea submarine. Professor Bunsen regards the presence of Infusoria in Ice- 
landic palagonite-tuff as aproofofibeformatiooof the latter in thermal waters. 
Professor Quekett and Dr Gulliver of London, two of the most experienced 
and eminent microscopiats in Britain, have kindly examined for ma specimen.i 
of aUthe Palagonites and falsitonite-tuffs mentioned on pages 19 and SO of 
this paper. But, in none of them, even after boiling in nitric acid, did they 
find even traces of Infusoria or their skelstous ! 

t While in Icdand I was asked by a Dane to see with and forblm an Icelandic 
rock, wbicb be thought, if pulverised, would make an excellent mortar or 
cement. Under this impreesioo, be had visions of opening a quarry and mak- 
ing bis fortune by supplying it to Denmark, as well as to Iceland itself. Tlie 
rock proved to be tbie palagonite-tuff, and Che site of Mb visisnar; quarry the 
very spot where I bad collected my own apecimena of the Said tuff, t was 
urry to be the means of demoliahiog all his " Eastlea in the air," by 
expressing my conviction tbat the rock in question would be uselesa for 
the purpose bpecified, from ita amall percentage of lime. Specimens of Pala- 
gonite-tuff from the same locality bave recently been examined chemically 
by Dr Murray Thomson, specially with a view to ascertain whether it might 
become at all serviceable as a cement or mortar. His experiments all go to 
prove the reverse, aod therefore to support tbe opioion I originally boiarded. 
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shells and the proportitm of lime are sometimeB so great as to 
give the tuff the character of a day-marl, and as sueh it might 
be used with advantage in Icelandic agriculture," were there 
such a thing. Again, the percentage of eiiica may depend 
in great measure on the quantity of included infusorial 
skeletons. 

Falagonite occurs as a conglomerate, as well as a stratified 
fissile rock, resembling slate clay ; and there is every grada- 
tion between them. The conglomerate aometimea forms huge 
irregular rock-masses, enclosing fragments of amygdaloidal 
or other trappenn rocks. The stratified 6ssile rock is sometimes 
BO granular and arenaceous as to be mistaken for sandstone. It 
is generally supposed that these tuff's were originally the ashes, 
sand, and mud, thrown out by submarine volcanoes — formed 
of the debris of felspar, augite, olivine, magnetic iron, peroxide 
iron, or of the other constituents of trap rocks — assorted under 
the infiuence of water, time, high pressure, higli temperature, 
and the chemical action of sea-water, on the bed of the sea, 
the varied materials being partly united mechanically, partly 
chemically. The aqueous origin of palagonite-tuff is supposed 
to be proved by — (1.) Its stratification ; (2.) The presence of 
marine shells, or of the skeletons of Infusoria ; (3.) The fact 
that, in volcanic stratified tuffs formed on land, palagonite never 
occurs ; and (4.) The circumstance that the latter mineral con- 

* " Agriculture," myt tbs Edioburgb Cabinst Library voluma on Iceland, 
" cannot be laid to exist '' [p. 205). Tbere appeared to me much land in tce- 
laod that might, with Briiitb enterprise, be made avaUable in agriculture. 
Henderaon is evidently of tbe same opinion, Tor he remarks, vol. iL p. 129, 
" llany of tbe plains . . . are aulTered to lie waste, but would fiiraisb excellent 
rarm-landa were they to undergo cultivation." I am aware tbat at least ddb 
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tains 17 per cent, of water. The superior hotneaa of the sea- 
water, in whicli palagonite-tutF was formed, to that of the sea- 
water now washing the coasts of Iceland, is believed to have 
been due to the contiguity of the submarine volcanoes, of tlie 
products of whose eruptions such tuff itself was formed; and 
the supposition of such superior hotnees is moreover held to 
be borne out by the included shells having preserved their 
fresh appearance and colours, and by the presence of Infu- 
soria. High pressure, again, is presumed to have had con- 
siderable influence, from the consolidation of the tuffs, and 
from the crystalline character of their contents. Such are the 
views of Von Waltershausen and Bunaen, and other geologists 
and chemists, who have the most thoroughly studied the struc- 
ture and mode of formation of these tuffs, though they are 
somewhat at issue in various details of their beliefs. 

They agree, however, that the pal agon ite-tuff is the oldest 
formation in Iceland — the geological basis, in fact, of the 
island, through which the trachytes and traps have subse- 
quently burst.* It plays a much more important role in the 
geology of Iceland than in that of Sicily ; in the former island 
it forms not only whole mountains and ranges of mountains, 
but probably also whole belts of country. Von "Waltershausen 
regards it as probable that a belt of it stretches right across 
the island from S.W. to N.E., or, in other words, from Cape 
Reykianes to the Myvatn, including the chief volcanoes of 
Iceland. In Keith Johnston's map of the volcanoes of Iceland 
(in his "Physical Atlas,"t), and also in Map IV. attached 
to Daubeny's work on Volcanoes, such a belt is laid down as 
of Trachyte. But I am disposed to agree with Von Walter- 

* Thia view of Bunaen nad Von Walters bauaen is, however, criticised ia an 
inMrestiog " Contribution to the geogaoej of Iceland, from observations mads 
in the eummer of 1850," by Theodor Kjerulf, p. SI (Bidrag til lalanda geog- 
nostische FremstiUing efier Optegoelaer fra Sonimeren 1850 -." published in 
the " N;t &Iagazin for Naturvidenslcberae," vol. vli. part 1, Chrietianta, 
1863 i BU Binelleiit equivalent to our " Annals of ITatural Hiatorj," or, trani* 
lated more literally, " Ketv Magsxine of the Natural Scieoces," which records 
the tranwctione of the Fby Biographical Society of Chrtstiania.) 

t Map No. 7 of thoaa illoslrative of Otology, which ia mainlj founded on 
the varioua publications of Krug von Nidda ; *' Memoirs on the Geology of Ice- 
land," Itc., In Itaratpn'a " Archiv fiir Slinerologie," vols. vii. li. tc, and trans- 
lated in Prufeeaor Jameson's Philosophical Journal, vol. ixii., &c. 
NEW SERIES, VOL. XIII. NO. I. JAN. 1861. D 
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Bbausen, and to think that it is more likely to he of palagonite- 
tuff. However this may be, there seems no doubt that this tuff 
constitutes the cone-shaped jagged mountains which occupy 
the greater part of the Guldbringcsyssel, which are a promi- 
nent feature of the landscape, looking from Reykjavik south- 
wards in the direction of Krisuvik, and which Sir George 
Mackenzie* calls the " Sulphur Mountains." It also formB 
the whole range of the southern volcanoes : Hekla, where 
the strata are much elevated and tilted up ; Thrihyrningr, 
Tindfjalla-jokul, and Eyafjalla, as well as the mountains which 
the Icelanders call " Moberg." 

I have bad no opportunity of examining the basalts and obBi" 
dianB of Kcitlugji'i ; but, as a general rule, the former resemble 
those of Scotland, while the latter, from some localities — e.g., in 
specimens I have from Hekla — are scarcely distinguishable 
from the Arran pitchstones. In basalt from the Las4 elv or 
Salmon river, near Reykjavik, the base is more of a dull earthy 
aspect than is common in our basalts. The rock is very black aud 
very heavy ; it contains large quantities of a black glassy mine- 
ral, sometimes slightly porous or slaggy, resembling obsidian, 
having a conchoidal fracture, and which may be a form of augite. 
There are also crystalline masses apparently of olivine, of a 
dirty yellowish -green colour — this colour resulting probably 
from partial weathering. In the Island of Videy, I found a 
vitrified, very heavy basalt, occurring in narrow veins in basalt 
having more the ordinary character. The percentage of me- 
tallic iron in two specimens of this vitrified basalt was, accord- 
ing to the analyses of Dr Murray Thomson, 7'02 and 13'68 
respectively. All the Icelandic basalts,! like our own, seem to 
be more or less ferruginous — the iron freciuently appearing 

• Traveli in the Island of Iceland during the eummer of the year IBIOT 
By Sir George S. Maclteniip, Bart., P.ll.8,, fie. Edin. 1811 : containing a. PrB- 
Ilminary Dissertation on tliB History and Literature of Iceland, as well as aec^ 
tians on— (I.) Present State of Education and Litfrature; (2.) GoTernroent, ■ 
Laws, and REliglon ; (3.) HiaeaBes of tlie Icelanders— all by Sir Henry Ualland, 
M.D. : and a section on Zoology and Botany, by tbe late Dr Bright. 

+ " True basalts," says the Edinburgh Cabinet Library volume on Iceland, 
p. 3J8, " in which the minerala are so intimately blended that the whole 
Bppeara as one homogeneous mass, are novihcrt found in Iciland." This state- 
ment is bnaad on the nomenclature of Krog von Sidda. But, in the first 
ict, inasmuch as the Videy basalt, collected in iilu by 
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aa peroxide on weathered Burfaces, or giving a nist-red tint to 
the mass of the rock. The Icelandic obsidians, though Bome- 
times bottle-green in colour, comparati ve\y opaque at the edges, 
and otherwise resembling the Arran pitchstonea, are generally 
of a pitehy-black, with a more vitreous lustre and fracture. 
I saw some fine and very large specimens in the Mineralo- 
gical Coliection of the Government College at Eeykjavik ; but 
I am told Btill finer were brought from the Myvatn and Krabla 
district by some of my fellow-passeiigera in the " Arctorua." 
Some of the obsidians sent me from Iceland are porphyritic or 
amygdaloidal, containing crystals of glassy felspar or minute 
nodules of what appear to be zeolites. A substance, called by 
Professor Arnesen and Dr Hjaltalin " Pumice-tuf," enters — 
to what extent I know not — into the composition of some of 
the outlying hills around KiitlugjS^ It is of a leek-green 
colour, iB light, porous, and very friable, and consists of a basis 
of a greenish fibrous mineral, intermixed with the debris appa- 
rently of augite, olivine, felspar, zeolites, and other minerals 
common in trappean rocks. The mineral basis more resembles 
treraolite or actinolite than pumice or asbestos; the colour is 
green, and it appears made up of aggregated needle-formed 



myielf, is b9 fine in teiture aa I 
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called basaltic structure" {Ibid. jj. 340, fool^nole), seem to ma to he unnecoBSary 
refiaBmentB in geological clasaifitation and nomenclature, seeing that basalt 

all intents and purposes ihe lamt roek. Basalt and greenstone pass ioto each 
other by gradations fta nice Chat it is impossible to define nbere tbe one ends 
and the other begins. The difficulty of itefiaition ia sometimes in a measure 
avoided by the use of sunh terms ns basiiltic greenstone or greenstoue basalt ; 
but these terms only indicate that the texture is becoming fine in the one case 
and coarse In the other! Tbe author of the same volume on Iceland appears 
to commit further roineralogical or geological errors (as I may elsewhere show 
he also does botanical ones) , as, for instance, where he says (p. SBH) or Im- 
plies that Olivine is absent from the Icelandic rocks. I have found this 
mineral not only most abundant, but in a pure form, and in large and con- 
spicuoua crystals or crystalline masses, iu tbe litva of Ilavnafiard. It also seems 
to occur in an altered I'orm in tbe basalt of the bed of the Laxu [river] near 
Reykjavik, eiaotly as in some of the prphyritio basalts of Arthur Seat; 
and in a still more altered form in other Icelandic rocks, as I have already 
casually mentioned when speaking of the Palagonite series. 
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crystals, rather tban of silky tbreads.* Altogether, it seems 
to belong to the hornblendic rather than to the felspathic 
family. 

The physical geography of the lower or level country around 
the range of jijkula in nhich Kotlugj^ is situated, is sufficiently 
indicated on the appended map. (Plate II.) It is constructed 
from the details given in Professor Guuulaugsson's large map 
of Iceland formerly referred to. But Dr M'Kindlay of 

• Alto closely resembling thia mineral bule, it may nut be Iva irrelefant hw« 
to mentian— ia a variety of Quaiti, occasionaJIy occurring in tnp-rocka, and 
which ii peeudo-tibi'oiu, ■tellate-riiliBte, nod colnureil greeo by chlorite. [ hai« 
Utel; met with abundant and beautiful spccImeDe o( it, aisociated witb ordi- 
D9Py Quarti and with Ualcareoua and Heavy 3piP8, In CRTilie* or veins in tbe 
greemtODe of L'orsiebill quarry, ao the north slope of Kinnoull Hill, Perth, It 
(Wcurs chiefly in tbe furm of small nodular masses, imbedded In a grannlu' Or 
eftrtby chlorite; the said masses being generally about the diameter or&sbiiling 
piece ; tbe fibres, or, more correctly spcnking, the closely aggregated needle- 
shaped crystals, radiating outwards from a centre, the crystals being broadest 
or largest at the periphnry : the whole mass coloured of a deep leek-green 
by chlorite. Tbe order of arrangement of this and the acooiopanyiDg or asso- 
ciated minerals in a cavity is generally as follows :^Ui>st externKlly, of itn- 
mediately lining the greenstone, is a more or less deep layer of earthy chlorite ; 
In this are imbedded, but mare [tiCernally, the nodules of pseudo-fihroas, ilel- 
late-radiate quartz, above described ; still more Internally, there is a shell of 
qunrtz,^ — green externally from chloritic coloration, and caarsely pseudo- 
fibrous,— gradually losing it« colour and Rbrous character as it approaches 
the centre of Ihe cavity, where it is colourless, and cryslalllses in the ordi- 
nary forro,bearing on the surface of its crystalline internal terminations laliular 
plates of calcareous, or masses of heavy, spar. In diflTerent specimens, the fibres 
or needle-like crystals vary greatly in fineness. When they are very fiaa and 
almost silky, like Asbestos or Tremolile, the nodular masses are small, and the 
mineral resembles Pectoiite, for which it was nt first taken. When larger and 
coarser, the masses are carrespondiogly larger, and the resemblance is then 
greater to Prehnite. In both cases, the first aspect is Zeolitic Before exami- 
nation, therefore, I had doubts, which were shared in by mineralogists and 
chemists to whom I sobniltted specimens, as to the true nature of the mineral 
in question. Bat there can no longer he any duubt, seeing that the following 
experienced mineralogists have pronounced that it is simply a variety of Quartz, 
vii., Mr Maskelyne, Reader in Mineralogy in the University of Oxford, and 
Superintendent of the Mineralogical Department of the British Kluseum ; Ur 
Warrington Bmyth, Lecturer on Mineralogy and Mining in the Government 
School of Mines, Jermyu Street, London ; Or Forster lleddle, presently acting 
as Lecturer ou Chemistry in the University of St i^ndrevrs; and Mr R. P. 
Greg of Manchester, joint author with Mr W. O. Leltsom of the recently 
published excellent " Manual of the Mineralogy of Great Britain and Ireland." 
The latter gentleman informs me, however, that it is " a very unusual variety." 
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Glasgow, who visited this district in 1859, informs me of S' 
particulars in regard to which he thinks the latter map re- 
quires emendation. He mentions, for inalaiice, that while 
travereing on horseback the marsh district called Austr-land 
Eyjar to the west of Ejafjalla, he crossed an extensive belt of 
black volcanic sand, which docs not appear on the map. Be- 
tween the range of jbkuls — which includes Ejafjalla, Myrdala, 
and GodalandS'jokuls — and the sea, to the south, the lowlands 
consist mostlj of marah land, including meadow land, and to 
a less extent of sandy or stony wastes, the sand being black 
volcanic sand. To the north of the range of jokuls, the 
lowland ia mainly heath or moor land, and partly sandy 
wastes ; on the east it is chiefly of the latter character, and to 
a small extent marsh land ; and on the west, partly marsh, 
partly sand, and partly heath. Generally speaking, the 
jtiknls are bounded on all sides by hills of minor elevation, 
which are not covered with anow throughout the year. This 
is especially the case to the north-east of the range; to the 
north, west, and south of Eyafjalla, and to the south of Myr- 
dals-jokul. Henderson describes Myrdals-sand, to the south- 
east of Myrdals-jokul, an extensive tract of volcanic sand and 
ashes, " forming one of the rudest and moat forbidding scenes 
imaginable" (p. 310), as altogether formed of the products of 
the eruptions of Kotlugjd. The promontory of Hjbrleifshofdi 
— 740 Danish feet high — he also says, has " sides nearly 
perpendicular, in some places excavated, and to the west and 
east its base has been terribly scooped by the deluges poured 
down upon the plain" by the same volcano (p. 309). Hen- 
derson further refers to hills or hillocks of gravel, sand, and 
ice (1) — scattered over the lowlands — as the results of the 
water-floods from KotlugjA during its eruptions-* We have 
therefore suflicient evidence for believing that these eruptions 
have had a material influence on the physical features of the 
whole country around Kotlugja. 

As throwing light on the eruption of 1860, it will be desirable 
to consider the history of previous eruptions of KotlugjS, which 

* ThB Edinburgh C'eliiDat Librar; volume on IcrUnd (p. 363) SBja, " The 
■lebseles uf water, too, issuing from Che valcanoea, frequently fill the Tailsf a 
with vast heaps of dfibrii swept down troai the moantsins." 
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accordingly I will give in chronological order. The volcanoes of 
Iceland probably stand next to Etna and Veauviua in regard to 
the completeness of their chronological records ; and I have 
already mentioned that the record of the first eruption of 
Kotlu^A in 894 is supposed to be the earliest chronicle ex- 
tant of volcanic phenomena in Iceland. There is, however, 
much dubiety and confusion relative to the precise number 
of eruptions, since the historic era, of particular Icelandic 
volcanoes; and this fact is well illustrated by the chronology 
of the eruptions of Kiitlugji since 89i. Olafssen and Povel- 
sen* speak of only five eruptions between 894 and 1765, 
and Sir George Mackenzie does the same. Henderson gives 
a larger number, and he had ample opportunities for col- 
lecting satisfactory information; but his calculation even 
falls short of that of Dr Hjaltalin, and of the " lalendingur" 
formerly mentioned. t Inasmuch as Dr Hjaltalin's chrono- 
logy is the most recent, and is founded on investigations 
made in tho archives contained in the National Library 
at Reykjavik, I adopt it as likely to be approximatively the 
most correct. Where Henderson, however, gives an account 
of the eruptions of Kiitlugj^, he is generally fuller than Dr 
Hjaltalin. The discrepancies between historians as to the 
precise number of eruptions of Kotlugj4 or other Icelandic 
volcanoes arise from a variety of causes. Firstly, The older 
Sagas or narratives are extremely vague in their topographical 
references, the localities of eruption occasionally not being 
mentioned at all ! Henderson refers to an eruption in 1717, 
probably of Eyafjalla, where the volcano is indefinitely 
termed in the national annals "the Austur-jokul" (p. 328, 
vol. i.) Further, the descriptive language was so inflated or 
poetical, that it is now impossible to distinguish what was 
fact from what was fiction. Secondly, The range' of joknls 

• " Vice-Larmanii Bggert Olafsaeni og Laad-Phyalci Biarne Povelsens lleisg 
ifjennem Island foranstaltel af Videnakabenipa Selskab I KiobenhaTD, 1772 ;" 
slao translated Into GerraaD, LBijiiig, 1771 and 1775, Ho, 2 vols. One of the 
earliest, fulleal, and most iute rescind; works of travel in Iceland, litit contain- 
ing taanj oaeertiuns and statementa tliat must be taken cum grano taiii- 

t The Edinburgh Cabinet Library volume on Iceland fixes on ten as tba 
number of erupliona between the years 89-i and 1823 (p. 361) ; but It referi 
two eruptions to Ejatjalla and four lo the Holheima-jokul." 
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in which Kotlugja is situated, aa well aa the individual mem- 
bers thereof, have at different times, and even in different 
parts of Iceland at the same time, home different names. The 
range haa heen called Eyafjalla-jokul ; and while ao designated, 
Bn eruption of KotlugjA would consequently rank as an erup- 
tion of Ej-afjalla. Again, what is laid down on Professor 
Gunnlaugason's map as Myrdals-jokul, this name being derived 
from the parish (Mjrdal) on its south side, has at various times 
been known as Soiheima-jokul,* Hiifda-jiikul and Ketlugja- 
jokul. Thirdly, Only grand eruptions from the principal or cen- 
tral crater have been apparently recorded by some historians ; 
while minor eruptions from fissures or secondary craters in the 
eideB of the jbkuls, or from old lava fields, all distant from the 
primary crater, have probably either not been observed or re- 
corded. Fourthly, On the other hand, where an eruption has 
been intermittent, and has extended over months, and even, as 
has been the case, years, the separate outbreaks may have been 
enumerated as ao many distinct eruptions. Fifthly, There is 
the incompetency of the witnesses, t firstly, to observe, and, 
secondly, to describe, as I have already pointed out (p. 11), 
Kiitlugji has never heen properly explored even during periods 
of quiescence ; the narrators of the phenomena of eruptions 
have too frequently heen terror-stricken, ignorant or supersti- 
tious peasants, and all eruptions have been observed only from 
a greater or less distance — one result of which is, that it can 
only have been matter of speculation from what precise spot the 
eruption occurred. For instance, eruptions Lave been recorded 

•The Edinburgh Cabinet Library volume on IcEland mentions (ii, 381) 
erapticmaof lhiaj61(ul in or about thajeara 900, 124S, 1262, and 1717. The 
■ccond snd third cf these Bruptiona are probably those hereinafter recorded as 
tba third and fourth eruptions of Kotlugji. 

f 1 am speahing in general terms. There hare been eiceptioDS. One of 
lbs most thorough naturalists that Iceland has ever producad long lived neat 
Eotlugj&, and, as Henderson obEerves (p. 319, vol. i.), " One urould almost GUp~ 
poee be had fiied his residence at this place {Vikj for the express purpose of 
watching Ibe motions of RoUugju, as he has only to repair to the BuromiC of 
the mountain behind his bouBe in order to obtain a magnifioent view of tha 
whole region." Dofortunateij, however, he had no opportunity of observing 
■ny of its grand eruptions, nor of publishing' any of bia researches on Che 
natural history of Iceland — researches vfhicb would most probably have proved 
of extreme value. (Tidt Henderson, \i. 318, vol i.) 
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hy residents in Reykjavik, eighty or a hundred miles distant, 
who were not themselves on or near the spot during the said 
eruptions — who, in fact, have, or had, never visited Kiitlugjdor 
its vicinity at all, and who founded their narratives on the 
stories of peasants living within perhaps twenty miles of 
Kotlugji, and who happened to visit Reykjavik some weeks or 
months after the date of the eruption to be described. Under 
such circumstances, it is not unreasonable that we should 
regard with suspicion, accept under reserve, or at once reject, 
many of the phenomena recorded as /acta. I will have occa- 
sion to revert hrie6y to this subject after I have chronicled 
the fifteen eruptions of Kotlugjd and their phenomena. 

Guided byDr Hjaltalin'a data, I have endeavoured to show 
concisely in the following table, the eruptions of Kotlugja, 
with the intervals between the respective eruptions : — 
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Since the earliest recorded date of any volcanic eruption in 
Iceland, therefore, there have been fifteen outbreaks of Kot- 
lugja; or one on an average of every 64 '40 years. This 
average, however, it will at once be seen, on reference to the 
table, does not give a true idea of the length of the intervals 
between each eruption. On the contrary, between the second 
and third eruptions no leaa than 311 years intervened, though 
it admits of question whether, during so long a period, there 
have not been other eruptions, of which we have simply no 
;o(t interval. f ShortBBt intervul. J Most imporlant emiition. 
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records preserved. Again, between the eleventh and twelfth 
eruptions only six years elapsed. It must further he borae 
in mind, that the dates given in the above table represent 
simply the dates of commenceinent of individual eruptions ; 
some of which continued, with intermissions, during one or 
two years or upwards. The interval between the last eruption 
of Kotlugja and that of 1860 is thirty-seven years, and since 
the last eruption in Iceland, that of Hekla in 1845-46, fourteen 
years. 

1st Eruption, a.d 894. — The pasture lands between the hill 
called Hafrsoy and the Holmsa (river) are said to have been 
destroyed by a formidable eruption of Kiitlugja. Eight farms 
were abandoned. The district of country in question is still 
almost entirely a sandy desert. Henderson says the effects of 
this eruption " are still visible in the tract of ancient lava (1) to 
the east of the mountain" (vol. i. p. 311). This eruption is 
recorded in the Landniimabok,* and also by Dean Jon SteJn- 
grimsson.t whose MS. ia preserved iu the Public Library at 
Reykjavik. 

2d, 934. — The extensive sandy desert now known as the 
Solheimasand is said to have resulted from this eruption, 
which was also apparently a formidable one. This tract is 
about twenty English miles long, and is formed altogether of 
volcanic sand, ashes or lapilli, and pumice. The " Islendingur " 
of 5th Jnne 1860 (p. 39) refers to an eruption in the year 
1000, on the testimony of Deaa Steingrirasson ; but it is 
altogether omitted, probably as not being properly authenti- 
cated, iu Dr Hjaltalin's chronicle. 

3d, 1245. — A tract of country, of what extent we are not in- 
formed, was covered with sand and ashes to the depth of 6 to 
8 inches by this eruption. But the eruption is said to have 
proceeded from Myrdals-jokul on the Solheimar side ; and 

* Islands Landn^mabok, i.e. Liber Originum Mandia: : which contains the 
earliest annals of Iceland : publiahecl at SkalhoU, the former capital, in 16sa, 
4to ; oIeo at Copenhagen, 4to, 1774, with a. Latin translation, Notes and Indices. 

t This clergyman resided for some time at Solheimar ia Mjrilal, and after- 
wards at Eirkjubre in the Sidu district. He wrote about the end of the Inst 
century, and has left an excellent account of the celebrated eruption of the 
Skaptar-jbhnl in 17SS, the most formidable volcanic eruption that has beea 
known during the historic era in any part of the world. 
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though Dr Hjaltalin refers it to Emkgja, the topographical 
accuracy remains doubtful. 

ith, 12G2 ; or, according to Bome writers, 1263. — The erup- 
tion was attended by such an ejection of dust and ashes, that 
tie 8un could not be seen at midday iuBerene weather- During 
this eruption, the large river called the FulilEekr, or JCknlsa, 
vhich divides the Skogasand from the Solheimasand, suddenly 
made its appearance. The crater of eruption eeeras, however, 
to have been souieivLat to the west of Kbilugja ; but as this 
crater is unknown, and a mere matter of conjecture, the erup- 
tion has been usually referred to the volcano just named. 

6th, 1311; or. according to some writers, 1332. — ^There is 
still greater doubt as to the position of the crater in this erup- 
tion, which appears to have been more destructive to life than 
any of the previous ones. Some writers refer the crater to the 
Sidu-jijkul, others to the Breidamerkr-jotul, while others place 
it vaguely in the east of the range of ji.ikuls, which includes 
EyaQalla and its allies. Many farms were destroyed in the 
district called Myrdals-sand ; several sand hills and other hills 
were formed, and several marshes sprang into existence. The 
" lalendingTir" account states that this eruption was known as 
the " Sturluhlaup," from only one man, of the name of Sturla, 
having been saved, of those overwhelmed by the volcanic ejec- 
tions. Henderson's narrative differs somewhat fp. 31 1, vol. i.) : 
Kotlugjii, he says, vomited " ashes and sand the greater part 
of the winter (of 1311-12) ; and, melting the ice about the 
crater, the inhabited tract in the vicinity was inundated, and 
all the inhabitants except two perished in the flood." 

Gth, 1410, — This eruption is known as the " Hofdahlaup" 
probably because the lava or water-floods took the direction 
of Hjorleifshofdi, an isolated hill and promontory on the coast 
of the Myrdals-sand, considerably to the south-east of Kot- 
lugja. 

Ith, 15S0. — During this eruption, it is stated that Myrdals- 
jokul was "rent asunder;" and as the name Kutlugja is 
now first given to the crater or fissure of eruption, it is pro- 
bable that this is the date, if not of the formation of the chasm 
called Kotlugjii, at least of the recognition or discovery of its 
existence. From this date downwards, eruptions from the 
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same quarter of Myrdab-jokol hare been referred to Kiitliigja. 
Thia eruption was characterised by fire, darknesa, and a rain 
of ashes, as well aa by water- floods ; one of which latter went 
eastward towards the Monastery of Tbyckvaboe, and another 
eouthwarda to Mjrdal. Many farms were destroyed ; but there 
appears to have been no loss of human life. 

8iA, 1612. — According to Dean Steingrimsson, this eruption 
occurred either from Eyafjalla or Myrdals-jiikul, or from some 
point intermediate between them. The accbnnpanying " fire" 
was such, that the eruption was visible extensively in the north 
of Iceland. It is conjectured that the eruption was attended 
by a subsidence to some extent of the Fall-jtiku], which is situ- 
ated between Eyafjalla and Myrdals-jiikul, as well aa of the 
lower lands between Langanea and Thorsmerkr. 

9(A, 1625 : one of the grandest and most devastating erup- 
tions of Kutlugj^ that haa ever occurred. Its historian is 
Thorsteinn MagniiBeon, at the time Sysselman (or sheriff) of 
Skaptafella-syssel (or district),* who lived in the monastery of 
Thyckvaboe. His account was published in Copenhagen in 
1627. According to him,f " At daybreak on the 2d of Sep- 
tember it began to thunder in the jokul ; and about eight 
o'clock (A.M.) floods of water and ice were poured down upon 
the low country, and carried away upwards of 200 loads of 
hajij wiiioh lay in the fields about Thyckvaboe. These floods 
continued to be poured forth like a raging sea till past one 
o'clock in the afternoon, when they gradually diminished, but 
were succeeded by terrible darkness, earthquakes, tliunder, 
flames, and showers of sand. Nor was it in the immediate 
vicinity of the crater alone that the fire appeared, but down 
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iu the inhabited tract, at the distance of nearly twenty miles 
from the mountain, igneous vapours were seen attaching 
themselves to the elolhes of the inhabitants {1). This dreadful 
BCene continued, with little variation, till the 13th of the month. 
It was frequently so clear at night that the mountains, with 
all their clefts and divisions, were seen as distinctly at the 
distance of twenty miles as they were in the clearest day. 
Sometimes the flames were pure as the sun; sometimes they 
were red, and at others they discovered all the colours of the 
rainbow. The lightnings were visible, now in tbe air, and 
now running over the surface of the ground ; and such as 
viitnessed them were more or less affected in such parts of 
their bodies as were uncovereil.[i] These flashes were ac- 
companied by the loudest claps of thunder,* and darted back- 
wards and forwards, now to the ground aud now into the air, 
dividing sometimes into separate bolts, each of which appeared 
to he followed by a separate report; and, after shooting iu 
diff'erent directions, they instantly collected again, when a dread- 
ful report was heard, and the igneous appearance fell like a 
waterspout to the ground, and became invisible. While the 
showers of sand lasted, it was frequently so dark in the day- 
time that two individuals holding each other by the hand 
could not discover each other's face."t Dr Hjaltalin states 
that the water-floods, bearing large masses of ice, " surrounded 
the monastery of Thyckvaboe, with its adjacent farms, one of 
which was overflowed by the stream ; but the people saved 
themselves on a high hill, where the flood could not reach them. 

• Thandcr ie com piira lively rare in Iceland, M. Arago Mating that during 
two yeitrs— from tbe autumn of 1833 to that of 1835— it v/as only once heard 
at Rrjkjavilt ; but lightning it com para lively much more common, especially 
in the vicinity of volcanic action, according to the testimony of Olareaen and 
other travellerB. " The Lapielltur," eajs tbeEdiubur(;h Cabinet Library volume 
on Iceland, p, 64, " bent known iu the western jiarta of tbe ialand, ie a very 
cutiouB phenomenon, >eeu only in winltr during a strong wind and drifting 
•now. At night the whole sky seems on fire with a continual lightning, which 
moves very slowly. This appearance friyhtena tbe natives estremely, and 
they often lose many of their cattle by it, as the terrified animals, running 
about to avoid it, fall over the rocks." 

t During the eruption of Hekla in 1766, the clouds of ashes were so dense as 
to obscure the sunbeams and produce a darkness, through which men could find 
llieir way only )>y gropi»B. i" »»ine parts of the island a huudred miles off. 
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The flood was followed by such heavy shots and continual 
thunder, that the people thought the heavens would burst 
to pieces, and they were surrounded with continual flashes of 
lightning. The pasturages were so covered with ashes and 
pumice, that cattle, horses, and sheep could not get any food, 
and were seen running about in wild confusion. Daring the 
eruption such a darkness prevailed Bometimea that days were 
darker than nights ; and it is related that showers of ashes from 
this eruption reached the town of Bergen in Norway, which 
is the greatest distance to which volcanic aahea were ever 
thrown from Iceland."* The account in the " Islendingur" 
(of 16th June, p. 45) mentions farther, that the mixed water 
and ice flood flowed in cascades and waves over Myrdals-sand ; 
that the inhabitants fled to the heights for safety ; that the 
depth of the water-flood, which surrounded the monastery of 
Thyckvaboe, was such that a large ocean-vessel might have 
sailed between the byres and the principal building, and that 
there was an excessive falling of sand in the district to the 
north-east of Kotiugja, called the Skaptartunga. This erup- 
tion thus lasted for about twelve days, wholly destroying 
many farms, and partially destroying, or rendering temporarily 
useless, others. The damage done was greatest in the low 
lands to the east, north-east, and south-east of Kotlugji. 

10th, 1660 — commencing on 3d November — appears scarcely 
to have been less formidable than the preceding eruption. 
Water-floods overwhelmed and destroyed the farm and church 
of Hiifdabrekka, which latter was cast into the sea immedi- 
ately adjoining, apparently by an earthquake -shock. Only such 
articles were saved from the buildings as could at the moment 
be snatched away by the clergyman, J6n Salamonsson. The 
quantity of sand, ashes, and sulphur, thrown out and deposited 
on the coast about Hofdabrekka was such, that what formerly 
was a depth of twenty fathoms of sea-water became at once 
dry land. Such is ihe account in the " Islendingur." Dr 
Hjaltalin says the clouds of pumice, ashes, and sand ren- 
dered the atmosphere in the vicinity of Kotlugji very dark 

* Duclng the eroptlon oC 1GB3, asbBs were borne frani Uekla to Faroe; 
in SepCember 1845 to Orknii; and Ibe nortb of ScDtland, aevea hundred milei 
liiitant; and in 1783 from the Skaptar-jokiil to faroa. 
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dnring nine days. Many farms were destroyed. Flames and 
asbes were ejected during the greater part of the winter. 
Henderson asserts that " the quantity of ice, &o,, carried down 

by the inundation was so great, that where it was deposited it 
rose to the height of forty-nine fathoms above the surface of the 
former depositions. The church of Htifdabrekka was observed 
to Bwim among the masses of ice to a considerable distance in 
the sea ere it fell to pieces.* The volcano appears, with some 
intermission, to have erupted sand the two following years." 
(Pp. 312, 313.) 

11th, 1721, beginning at nine a.m. on the 11th May. — 
Dr Hjaltalin says the narrative of this eruption proceeds 
from certain inhabitants of the north of Iceland, who observed 
the phenomenon from a distance of about a hundred English 
miles I These distant witnesses state that the eruption was 
preceded by "heavy shots," like "shots of artillery," lasting 
less or more for several days, and distinctly heard by them 
ill the north of the island. These sounds were followed by a 
"heavy fire" (which expression seems translatable as vivid 
fiamee), also visible at the great distance above named. The 
flames or fire were followed by clouds of ashes, so dense and 
BO extensive as to have produced complete darkness for gome 
hours at the remoteness of eighty or a hundred miles. The 
same witnesses heard that the eruption had destroyed several 
farms near the volcano itself. But the source and character of 
the narrative naturally lead to doubts as to its veracity. The 
"Islendingur" gives a much moro cireumstautial account; 
and it may hero he observed that throughout the chronolo- 
gical history of Kotlugj.Vs eruptions, from the first to the 
last, there arc many discrepancies between the accounts of 
the " lalendingnr" and those of Dr Hjaltalin. It is impos- 
sible to decide which is the more correct, or whether either is 
in all respects correct. But seeing that this is a matter of 
doubt, I can avoid the difficulty of decision only by giving the 
accounts of holh, wherever these at all differ in fulness or 
fact. The " Islendingur" refers to an earthquake chiefly felt 

* (□ eiplaDHtioD of thU, tX lint sight, Btartling eUtement, it Is necemiry to 
b«Br in mind thuC the nKJorlt; of tbe Icelandic pariah churcliea are of very 
limiitd rfimfnifoni, and are constructed whnllj ol' wood. 
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in Myrd'al, hut expending eastward to Sida, and westward to 
Flj(jtshlid. About noon of the same day (11th May), the earth 
became fissured at various points ; toud sounds were heard ; 
and, lastly, flames with steam or smoke were seen to issue 
from Kotlugji. A water-flood now descended from the vol- 
cano, bearing huge pieces of ice, resembling in bulk small 
islands ; which icebergs sailed along as rapidly as a ship in a 
good breeze. These icebergs were borne by the flood from 
Hofdabrekka eastward to Hjiirleifshufdi andHafrsey. One 
village was destroyed in the east of the Myvdals-sand dis- 
trict. Again, Henderson states (p. 313),* the "inundations 
lasted nearly three days, and carried along with them such 
amazing quautities of ice, stones, earth, and sand, that the 
sea was filled with them to the distance of three miles from 
the shore. The sun was darkened by the smoke and ashes 
which were thrown into the air; sand and pumice flfcero 
blown almost over the whole island ; and the ice and water 
desolated a considerable tract of grass land over which they 
flowed." 

12th, 1727. — Dr Hjaltalin mentions an eruption of this 
date, concerning wliich he confesses he has been unable to 
&id any particulars, and which he believes to have been of 
little intensity or importance. It is not referred to either in 
the " Islendingur," or by Henderson, The Edinburgh Cabi- 
net Library volume on Iceland (p. 36) — I know not on what 
authority — mentions an eruption in 1753, characterised by 
the ejection of "every variety of volcanic matter." The erup- 
tion which follows is the most celebrated of all the outbreaks 
of Kot!ugjli, on account alike of its grandeur, its duration, 
and its frightful results — an eruption which has since caused 
Kdtlugj^ to be dreaded by the Icelanders as one of their 
most dangerous volcanoes, if not their most dangerous one. 

13th, 1755. — The eruption began about noon on the 17th 
October 1755, and continued, with intermissions, till 25th 
August 1756 — its duration, therefore, being nearly a year. 
The " Islendingur" gives a very short reference merely; but 
the accounts of Dr Hjaltalin and of Henderson are compara- 

' Founding hia etateioents oa the MSS. of the surgeao Steinn FMgeon, sr.d 
on HorteboA-B '■ Hatural Ili^lory of Iceland," p. 12: Lond. 17fi8. 
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tivelj full. According to Dr Hjaltalin, the eraption was pre- 
ceded by a series of earthquakes,' beginning in September; 
they were especially severe in the north-east of Iceland, near 
Cape Langanes, about 150 or 180 miles distant from Kotlujg4. 
In this district they overthrew several farms ; and in a milder 
degree they were felt over a considerable extent of country. 
The eruption itself began at 10 a.m. of 17th October, about a 
fortnight prior to the earthquake which destroyed Liabon- 
Vivid flames shot towards the sky, accompanied by severe 
earthquakes, sounds like thunder, and lightnings. The volcano 
was enveloped in smoke or steam ; showers of ashes and pumice 
fell constantly, while volcanic bombs were hurled high into 
the air. The latter must have been of great size, for they were 
seen bursting, and the accompanying detonating reports were 
heard, at a distance of upwards of a hundred miles. The days, 
it is said, were darker than the nights; and the flames and 
bombs gave so unearthly a character to the scene, that the 
poor inhabitants fancied the day of judgraenthad arrived, and 
that our globe was bursting into atoms. Over large tracts of 
country, the soil was covered with sand and ashes to a depth 
of two or three feet ; \ cattle, horses, and sheep, consequently 
died in great numbers. This devastation caused a famine 
and pestilence among the inhabitants, who perished by the 
hundred. The eruption was violent for fourteen days. The 
water-floods overflowed the district of Myrdals-sand, which ia 
about twenty miles long and sixteen broad. Five parishes 
were more or less devastated, and fifty farms were destroyed. 
These were the more local disasters ; but, in addition to this, 
the sand and ashes were spread over a great portion of the 
island, producing fatal epidemics and epizootics, and it is aaid 
even the wild-fowl fled from many parts of the island. The 
earthquakes were characterised by distinct wave -like motions 

* These earthquakes were ottended by, or were prodacfiveof, a conaiderable 
local elevation of Intnl. The Edinburgh Cabinet Librarj TOlumo on Iceland (p. 
364, foot-note) aaysthstatractof cooet, " mare than two fa Ilea wide, and extend- 
ing fotictecu miles into the eea, was rused in tbree ridgee from ISO to 240 feet 
high . , . Indeed the whole southern coast seems rising, the sea having 
at the Sk^idara sanda retired ionie inilas Danish (each = 4} English mike)." 

t The volume on Iceland Immediatelj ahore quoted (p. 359) saja that the 
depth of volcanic sand in aome of the valleys neav KotlugjS was four to eti feat. 
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of the land, which fluctuated like an agitated ocean, and the 
same eartt quake -wave 8 were propagated from the coaata out- 
wards to sea, to the serioua damage of the shipping, Hender- 
son says (vol. i. p. 314,), " The inhabitants of the tract ahout 
Kiitlugja were first apprised of the impending catastrophe on 
the forenoon of the 17th of October by a number of quick and 
irregular tremifactiona, which were followed by three immense 
floods from the jokul, that completely overflowed Myrdals- 
sand, and carried before them almost incredible quantities of 
ice and gravel. Masses of ice, resembling small mountains 
in size, pushed one another forward, and bore vaat pieces of 
solid rock on their surface. After the rocking had contiuued 
some time, an exceedingly loud report was heard, when fire 
and water were observed to be emitted alternately by the 
volcano, which appeared to vent its rage through three aper- 
tures situated close to each other. At times the column of 
fire was carried to such a height that it illuminated the whole 
of the surrounding atmosphere, and was seen at the distance 
of 180 miles ; at other times the air was so filled with smoke 
and ashes that the adjacent parishes were enveloped in total 
darkness. Between these alternations of light and obscurity, 
vast red-hot globes were thrown to a great height, and broken 
into a thousand pieces. The following night presented one of 
the most awful and sublime spectacles imaginable. An un- 
remitting noise, like that produced by the discharge of heavy 
artillery, was heard from the volcano. A fiery column of 
vajiegated hues rose into the atmosphere; flames and sparks 
were scattered in every direction, and blazed in the most vivid 
manner." 

'* The eruption continued with more or leas violence till the 
7th of November, during which period dreadful exundationx 
of hot water were poured forth on the low country ; and the 
masses of ice, clay, and solid rock, that they hurled into the sea, 
were so great that it was filed to the distance of more than 
fifteen milea; and in acme places, where formerly it was forty 
fathoms deep, the tops of the newly deposited rocks were now 
seen towering above the water. A violent eruption hapiiened 
again on the 17th of November, when the volcano remained 
inactive till the following year, during which it emitted fire 

KEW aEKIES.— TOL, Xlll, NO. I. — J.IN. 1860. F 
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aad water five times — viz., on January 15th, Jure 28tli and 
29th, and August 12tb aud 25th." 

" The principal damage occasioned by these eruptions con- 
eiated in the destruction of the paBture-grounda throughout the 

most part of the syssel {or district) Numbers of cattle 

were carried away by the deluge ; and the mephitic substances, 
with which everything was impregnated, brought on a raging 
mortality in different parts of the country. On the breaking 
forth of the water, a number of people fled for refuge to an 
insulated mountain called Hafrsey, where they were obliged 
to stay seven days without either meat or drink, and were 
exposed to the showers of stones, fire, and water, which fell 
around them. The lightning, which was very violent during 
the eruption, penetrated through solid rocks, and killed two 
people and eleven horses, three of which were in a stable. One 
of the persons killed was a farmer, whom it struck dead as he 
left the door of his house. What is remarkable, his upper 
clothes, which were of wool, wore no marks of fire, but the 
linen he had under them was burned; and when he was un- 
dressed, it was found that the skin andjlesk of Ms right aide 
were consumed to the very bone. [!] His maid-servant was 
struck with the lightning at the same time ; and, though her 
clothes were instantly changed, it continued to lum in the 
pores of her body , and singed the clothes she put on. [!] She 
died a few days afterwards, having in the meantime suffered 
inexpressible pain."* 

This eruption, Henderson very truly remarks, becomes the 
more noteworthy from " the terrible convulsions to which, at 
the same time, a great part of the terrestrial globe was sub- 
jected. t Not only were the British Isles rocked by repeated 

* Olafssen BCid Povelsen pp. 756-762. Quoting from the same writara (p. 
763), Uendcraon states in another partof his yoI. i. (p. 328}, that " it ii ramark- 
able that thu last eruption of KotlugjS threw tlie Solheima-jUkui into lueh 
violent convuleioos tbat it rose and fell by turns, and was at last raised so 
high that it appeared douhle its former size." No Euch jiiiiul ae tbat l>3t 
named is laid down in Gunnlaugsaon'a map. It is probably, aeeordingto Hen- 
derson's descriptioD, a southern outlier of the range which includes Ejafjalla 
and MjrilaU jokuls, intermediate between these, more to the south, and nearer 

t Authorities on eortliqualtes speak of the tarthjaaie diilricl of Iceland s* 
iDcludiiif R'"t Britain and Ireland, tfaa norlbern portions of France, llenmark 
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and violent shocks of an earthquake, houses tlirown down, 
rocks split, and the waters of the sea and lakes* heaved 
up ; but, in Norway, Sweden, Germany, Holland, France, and 
Italy, the same phenomena were experienced. Spain and 
Portugal, however, suffered most from the shocks. Numerous 
villages, convents, and churches were demolished, the largest 
mountains shaken from the foundations, and the low grounds 
inundated by the swelling and overflowing of the rivers. 
Lisbon, in particular, exhibited a scene the most tragical and 
melancholy. The most ponderous edifices were heaved up 
and shaken; steeples, towers, and houses thrown down; the 
ground and streets danced under the feet of the inhahitanta ; 
and many thousands of them were buried in the ruins. Nor 
was the earthquake confined to Europe. It stretched over 
into Barbary, and destroyed upwards of a dozen of cities on 
the coast of Africa. Its concussions were also felt in Persia, 
in the West Indies, and in America. "■{• Sir George S. 
MaQkenzie and Sir William J. Hooker J both also describe 

snd ScandiQBvia, and Greeuland, But the earthquakes und other alliL-d phenu- 
roenii that were coincident with ihis eruption of Kotlugjk, seem W point Bt a 
simultaneitj' or coiitemporanBitj of volcanic action in mucli more widely 
■eparated pitrU of the world. And this is borne out b; colncidsncee connected 
with other volcanic ernpCiooE !□ Iceland — for instance, that of Skaptnr-jiikul 
in 1783, which was nearly cotemporaneons with the celebrated Calabria earth- 
is the circumstance timt the late Ppofessor Edward Forbes, bj bis researches in 
Marine Zoology and In Patieontology, has sboirn the probability that Iceland, 
Fariie, the Hebrides, Irelaod, Spain and Portugal were connected by " a con- 
tinuous trat^t of land, ranging from the Azores along the line of that belt of 
gulf-weed, which exists between the 16th and iSth degrees of north latitude." 
"Memoirs of the Geolog. Survey of Great Brititin," vol. i.; quoted in Professor 
Daubenj's standard work on volcanoes [" A Description of Active and Eitinct 
VoIcaDOS, of Earthquakes, and of Thermal Springs," kc., by Chas. Daubeny, 
M.D., F.R.S., Professor of Chemistry and Botanj in the University of Oiforii ; 
2i. ed. Lond. 1S48 : a wurk I can commend as an excellent repertory of the 
narratives of Icelandic, Danish, and ether historians or travellers, concerning 
volcanic eruptions In Iceland up to the date of its publicatiai>,] 

• The celebrated agitation of the waters of our own Loch Ness occurred 
COatemporaDeausly with the great earthquake of Lisbon here also referred to. 

t Stukesley's Philosophy of Earthquakes, 3il edit.; Loud. 1756, 8«o, pp. 9-30. 

; Journal of a Tour in Iceland in the Summer of IS09, 2d edit. 2 vols. 
Lond. 1813, By Sir WiUiam Jackson Hooker, K.ll., D.C.L., LL.D., &c., 
the present distinguished Director of the Koyal Botanic Garden at Kew. 
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this eruption in their respective works of travel ; but the in- 
cidents do not differ from those just given above. The latter 
writer characterises the sounds accompanying the eruption aa 
"most frightful and horrible roarings." The illuminations 
at night were so vivid, " that heaven and earth eeemed to be 
equally in a state of conflagration." On the 19th October a 
column of smoke issued from the volcano, — which column was 
black by day; but the smoke was intermixed with balls and 
sparks of fire, which by night lighted up the whole of the 
Myrdal district, while the country to the cast thereof was in 
darkness both day and night. " Ashes fell like rain" in FarSe, 
300 miles distant, and subterranean noises were heard 
as far aa the Guldbringe and Kiosar syssela — 80 to 90 miles 
distant. 

14th, 1823. — Dr Hjaltalin'a narrative seems to be founded 
on the testimony of the surgeon Sveinn P^lsson, whose name 
lias been already more than once mentioned. According to 
him, the eruption began on the 1st, and ended on or about 
25th or 26th, July, being most energetic during the first 
fourteen days. The phenomena were, as usual, chiefly water- 
floods, showers of ashes, slight earthquakes, and vivid light- 
nings, which latter struck several persona. Only one farm, 
Solheimar, was destroyed, and comparatively little damage 
was done elsewhere ; altogether, the eruption was one of the 
mildest and moat innocuous hitherto recorded of Kotlngji. 
The " Islendingur," however, says that the eruption lasted 
from 22d June to 18th July; that heavy water-floods swept 
over Myrdals-aand ; and that in September three distinguished 
men lost their lives in the flooded rivers [one of them — I was 
told by my friend Mr Sigurdur Sivertsen in Reykjavik — 
being the father of the present respected Dean (Pdlsson) of 
that town]. The eruptions continued less or more throughout 
the summer.* This chronology brings us down to the last and 
recent eruption, viz. that of 1860. 

* The Edinburgh Cabinet Libnry volume on IwlB.nd atuteg, that the vol- 
cano " Lhrew out »ud iiiid s^hee, covering nearly 100 iqture miles of ground " 
(p. 37), and that this eruption wu Iniuieiliatel^ praceded hy one of Ejaij&)la, 
which lasted Troni Uecunber 1621 U) Julj> 1823. Vidt foot-note t, p. IT of ChU 
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15th, 1860, beginning on the Stt, and oontinning till 28th 
or 29th May, — According to Dr Hjaltalin, the eruption waa 
preceded for several days by earthquakes, which appear to 
have been comparatively local. " On the morning of the 8tb 
May, a dark cloud waa seen to rise from the mountain, which 
at the same moment sent forth an enormous flood of water, 
with very large pieces of ice, running with the water-stream 
into the sea ; and some of the pieces of ice were so large that 
they were stranded at a twenty fathoms depth in the sea. . . . 
On the 12th of May, the flames could be seen from Reykjavik, 
although this town is no less than about eighty English miles 
distant, . , . During the evening, flashes of lightning were 
aeen in the same direction. ... On the 16th May the 
smoke was about 24,000 feet high : it waa sometimes of & dark 
colour, but at other times it resembled steam. ... At this 
time the fire was seen from several places at a distance of 
about eighty English miles." The " Islendingur" states that 
the wind being northerly during the eruption, the sand and 
ashes fell chiefly in Myvdals-sand, which waa the direction 
taken alsoby the water- Booda. Sulphur waa found floating in the 
Bea,and the fiah disappeared from certain parts of the neighbour- 
ing coasts. The glare from the volcano seems to have been 
frequently visible from Reykjavik, the inhabitants of which be- 
took themselves to the windmill to theaouth-weat of the town, 
which commands a good view over the tops of the mountains 
that intervene between Reykjavik and Kotlugja, Brief no- 
tices in the Edinburgh and Glasgow newspapers [foondcd on 
information contained in private letters from Iceland], which 
were otherwise, however, vague and inaccurate, contain the 
further information that a large quantity of cinders waa 
mixed with the water-floods ; that cinders and balls of fire, as 
well as smoke, were thrown up on the 11th and 12th ; and 
that the cinders and ashes, from being carried by the wind 
partly to aea and partly to the neighbouring snow-fields, did 
comparatively little damage to the lowland farms. All tesii- 
mony, indeed, goes to show that, like that of 1823, this erup- 
tion has been mild and innocuous, though the phenomena, as 
observed from Reykjavik, as well as its well-known devasta- 
tions in former eruptions, especially those of 1625 and 1755, 
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gave rise to extreme alarm and the most seriouB apprehen- 
sions among the poor inhabitants. 

It needs no minute examination to discover that no two his- 
torians or descriptions give precisely the same accoont of the 
phenomena of any given eruption recorded in the foregoing 
chronological history- The discrepancies, indeed, as wel! aa 
occasionally the very nature of the phenomena described, arc 
Bufficient to shake confidence in the entire accuracy of the 
record of phenomena in ani/ of the fifteen eruptions above 
referred to. These discrepancies and sources of confusion 
and scepticism may be partly, at least, thus explained. It 
is well known all over the world that different persons, accord- 
ing as they are precise or imaginative, truthful or the reverse, 
educated or ignorant, will give different accounts of the same 
phenomenon, It is equally known that verbal accounts, in 
process of repetition, generally gain additions and modifi- 
cations, which change the aspect of the original account in 
proportion to the number of such repetitions. And it ia fur- 
ther recognised that litterateurs, in putting on paper nar- 
ratives delivered to them by word of mouth by second parties, 
seldom or never give the bare facts — the naked truth it might 
happen to be — contained in oral descriptions, but prefer to 
" clothe the facts" (to use the common expression) with ornate 
or polished language, whereby they are intended to be made 
more readable and attractive, but whereby, also, a further 
deviation from, or ohfusoation of, the truth is produced. Add 
to all this the statements I have already made (pages 11 and 
31), and it will cease at once to be matter of surprise that a 
general scepticism should result, that the accuracy of particular 
statements in the foregoing history should be called in question, 
or that a scientific interpretation must he put on all the phe- 
nomena therein described. I know not, for instance, on what 
authority it is stated, in regard to the recent eruption of 
Ketlugji, that there was on a particular day a column of 
smoke 24,000 feet high ; and until I have competent scien- 
tific authority for the correctness of such an assertion, 1 for 
one take the liberty of doubting its accuracy. Competent 
scientific testimony is equally necessary before various other 
rfienomena in the eruptions of KotlugjA be accepted unhesi- 
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tatingly as facte. Such, for instaDCe, is the asaertion by 
Henderson, under the head of the eruption of 1755, of light- 
ning burning for some time in the pores of a woman's body ! 
Again, among statements requiring simply a Bcientific interpre- 
tation, are thoae relating to /re, flame, smoke, and steam. Sir 
Charles Lyell says very truly, " When the expressions * flame' 
and ' smoke ' are used in describing volcanic appearances, they 
mnst generally be understood in a figurative sense. We are 
informed, indeed, by M. j^bich, that he distinctly saw in the 
eruption of Vesuvius in 1834 the flame of burning hydrogen ; 
but what is usually mistaken for flame consists of vapour, or 
scoriie and impalpable dust, illuminated by that vivid light, 
which is emitted from the crater below, when the lava is said 
to glow with the splendour of the aun. The clouds of apparent 
smoke are formed either of aqueous* and other vapour, or of 
finely comminuted 8Cori!e."t 

It has been observed that particular volcanoes, in diff^erent 
parts of the world, frequently eject particular materials ; for 
instance, that some eject only lava, others steam and scoriae 
{as those oFthe Andes), others water. A study of the history of 
the eruptions of Kotlugji will reveal that they are characterised 
by the sudden and extensive water-floods, with their floating 
or intermixed ice-masses. So much so is this the case, that 
Henderson characterises Kotlugja as an " a^uct-igneous vol- 
cano" (vol, i. p. 264). Such ice-floods as those of Kotlugja are 
probably formed somewhat in the following way. The volcanic 
heat melts that part of the icy mantle of the jiikul which is in 
immediate contact with the soil ; the adhesion of the ice to 
the soil is thus loosened, and a stratumof water is formed, which 
serves to break up and flood down the sides of the mountain 
the superincumbent ice. Proportioned to the suddenness 
and degree of the volcanic heat is the quantity of water, 

* It ia well knoiin that tbo generatioa of linmeoBe volumes of eteam and 
other gaaec ia generally the jirat phenomenon of a volcanic eruption, Rnd tbe 
caiue, moreover, of subsequent [ihenomena. The auddeii formation and ex- 
panaion of thia ateam ajid theae gaaea it ie that cauaes tbe thuDder-Uke ei- 
ploeione and nuievs, the ejection of lavn, and ol the slonea, aabea, and sand, 

caaie, tbe eipanaive force of contaiaed gfUGS. Of all the gasiform prodacle of 
Tolcanoea in erujitinn, iteam is undoubtedlj tbe moat abundant, 
t PrinciplflS of Geology, 9tb edition (London, 1853), p. 378. 
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the relative amounts of water and ice formiDg the flood, and 
the velocity and devastating effecta of auch flood. It ought to 
tie remembered that floods of this character, bearing with 
them huge and numerous masses of ice, arising from a jokul, 
whose internal heat reaches a certain degree of temperature, 
may suddenly devastate the lowlands at times when there is no 
actual volcanic eruption. It must further be borne in mind, that 
though one great source of devastation by and danger from 
such floods is their sudden appearance in unusual localities, an- 
other arises from the swelling and overflow of existing rivers 
by the melting of the snow and ice covering ajokul. So great 
is occasionally such overflow, that in 1753 the " Diupaa from 
the Sidu-jijkul rose 200 feet above its usual level, and covered 
the whole district with sand, stones, and fragments of ice."* 
Prior to the great eruption of Skaptar-jokul in 1783, " the 
extreme degree, to which the earth in the vicinity of the 
volcano was heated, melted an immense quantity of ice, and 
caused a great overflow in all the rivers originating in that 
quarter.''t 

These floodB are not quite peculiar to Kotlugjft among 
Icelandic volcanoes, for Onofa is celebrated for its so-called 
water- eruption 8 ; which have excited at once the admiration 
and terror of spectators; and Hekla, and Skaptar-jiikul too, 
have at various times ejected, or are said to have ejected, water. 
The eruptive devastations of Orsefa " have always been con- 
fined to ashes and pumice, with vast debacles of water, no 
lava having ever is8ued."| A graphic account of one of what 
Henderson calls the exundations of Ortefa, that of 7th of 
August 1727, by Sjera Jon Thorlakson, a clergyman residing 
in the midst of the scene of devastation— Sandfetl — will be 
found in Henderson (vol. i. p, 256). Some travellers describe 
the sides of Hekla as scarred with ravines, formed by torrents 
of water during eruptions. " On 23d May 1766, during an 
eruption of Hekla, a column of water was seen shooting up in 
the midst of theBand."g Henderson |1 mentions an "eruption 

* Edinburgh CBliinet Library volume on rcBlaniJ, p. 363. 

t HandarBon, ml. i. p. "79. 

X Edinburgh Cabinet Libmty volume oa Icelanci, p. 360. 
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of water," apparently from the Skaptar-jiikul in 1753, tbat is, 
thirty years prior to ita celebrated lava eruption of 1783. 
And the "Edinburgh Cabinet Library" account of Iceland* 
states, that in the 13th and 14th centuries all the Gouthern 
volcanoes were in action, when " the adjoining country was 
completely desolated by jioods of water mingled with ice. 
During the earthquake of 1339, " a boiling fountain 140 feet in 
diameter" is said to have suddenly appeared.t Henderson's 
account of what eeema to be the same phenomenon differs 
somewhat. lie says, " the earth rent to a great depth ; and 
among other collections of boiling water, which made their 
appearance, was a hot spring sixty feet in diameter." + During 
the earthquakes of 1390-91, " the ground rent in various 
places, and boiling water sprang up."g And, lastly, during 
the earthquake of August 1784 [a year after the great erup- 
tion of the Skaptar-jcikul] — one of the most serious earthquakes 
that ever occurred in Iceland — many old hot springs disap- 
peared, while new ones as suddenly appeared, jetting their 
water to considerable heights. Among the Haukodal geysers 
— the Geysers par excellence of Iceland — no less than thirty- 
five new hot springs thus suddenly appeared. |j The water 
erupted from the craters of volcanoes, from earthquake fissures, 
and that of hot springs suddenly appearing during earth- 
quakes, has probably not in all cases a common or similar 
origin ; but it appears desirable, in order to a comprehensive 
view of the subject of the origin of such waters, to embrace 
here all three classes of phenomena. 

In the eruptions of Kbtlugj^ there appears to have been 
Uttle or no lava thrown out, while the water-floods have never, 
or almost never, been absent, and have been of primary import- 
ance alike from their extent, duration, and devastating effects. 
These water-floods of KotlugjS, are generally so described as 
to lead the reader to suppose that the hot water was ejected 
in a stream directly from the crater, and from the crater only, 
juat as lava, pumice, and ashes are. From the absence of com- 
petent Bcientific evidence, as I have already pointed out, it is 



* Bdinbnrgh Oabinat Library volume on Iceland, p. 22, f Ihii. p. 163. 
X HenderBon, vol. li. p. 23'i. § Ibid. p. 237. 1| IL.1J. y.. 23&-3. 
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impossible to say whether this occurred in any ease. AH 
probability is against the Bupposition ; it is almost incon- 
ceivable that water should issue simultaneously, or alternately, 
with molten lava, or red-hot cinders and ashes, from the same 
crater. It appears to me much more likely that the floods io 
question vere simply the result of the sudden melting, by sab- 
terrancan heat, of the vast masses of ice and snow covering 
the volcano. It is easy to conceive, that torrents of hot water 
rushing down the sides of a volcano from some unseen and 
unknown point or source, prior or subsequent to, or cotempo- 
raneonsly and alternately with, streams of lava or showers of 
ashes and pumice, should, by the terriBed and ignorant inhabi- 
tants of the inundated plains below, be supposed to proceed from 
one and the same crater. 

Whencesoever arising, these floods have been most formi- 
dable in their operations throughout their progress, but more 
especially in the plains at the foot of the volcano. Carrying 
with them disintegrated portions of the rocks and soil over 
which they have passed — from the finest mud to the most 
enormous rock-fragments, as well as gigantic icebergs — the 
mud, sand, and gravel have been deposited over great extents 
of country, frequently as breccias or conglomerates ; sandy 
wastes and marshes have sprung into existence ; old rivers 
have been filled up, and new ones, as well as lakes, formed ; 
miles added to the coast line from encroachments on the sea; 
the rocky sides of valleys grooved, and scratched, and polished 
by the rocky flood ; and the soft sides of mountains washed or 
rubbed away bodily ; while whole hills of gravel or other mate- 
rials have been elsewhere deposited, Henderson, and other 
travellers, who have visited the low grounds around Kotlugjfi, 
bear ample testimony to the influence of the water-floods on 
the physical conformation of the said lowlands. The instances 
of denudation, on the largest scale, seem particularly note- 
worthy ; and I am disposed to doubt whether there are to be 
met with in the present geologic era many more powerful 
causes of denudation than the water-floods of the Icelandic and 
other volcanoes. It is matter of regret that this subject, so 
far, at least, as it can be illustrated in Iceland, has not yet 
met with the attention it deserves from British geologists. 
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In speculating on the origin of the water-floods of Kotlugja, — 
and mere speculation it must remain, so far as concerns at 
least bygone eruptions, — the parallel phenomena of volcanic 
action Jn other parts of the world may materially assist us. 
Sir Charles Lyell (in hie "Principles") cites a great many 
instances of ejections of water, hot and cold, salt and freah, 
in connection with earthquakes, volcanic eruptions, or allied 
phenomena, in various countries. In some of these cases, the 
water issued apparently directly from the crater ; in others, 
from fissures in the soil, similar in kind, but generally in- 
finitely inferior in size, to the gj;'i.s of Iceland ; while in others, 
it was the result simply of the sudden melting of snow and ice 
by subterranean heat. The subject is one of such interest as 
to render it desirable that I should give a few illustrations, 
chiefly selected from the standard work just alluded to. 

1. Destructive floods frequently arise in winter from Etna 
in consequence of the sudden melting of snow and ice by lava- 
currents. On 2d March 1755, two lava streams issued from 
the highest crater ; " they were immediately precipitated upon 
an enormous mass of snow, which then covered the whole 
mountain, and was extremely deep near the summit. The 
sudden melting of this frozen mass, by a fiery torrent three 
miles in length, produced a frightful inundation, which devas- 
tated the sides of the mountain for eight miles in length, and 
afterwards covered the lower flanks of Etna, where they were 
leaa steep, together with the plains near the aea, with great 
deposits of sand, seorite, and blocks of lava." 

" Many absurd stories circulated in Sicily respecting this 
event ; such aa that the water was boiling, and that it was 
vomited from the highest crater ; that it was as salt as the 
sea, and/«W of marine shells ; but these were mere inven- 
tions, to which Eecupero, although he relates them as tales of 
the mountaineers, aeema to have attached rather too much 
importance."* 

In iSicity, during an earthquake in 1790, " several fissures 

sent forth sulphur, petroleum, steam and hot water, and a 

stream of mud, which flowed for two hours, and covered a 

space 60 feet long and 30 broad."! In the same island, during 

• Lj'cII'h '■ rriDoiylen," ii. 413. t Ibid. p. 470. 
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the earthquake of 1603, " numerous long fissures of 
breadth were caused, which threw out sulphurous water; and 
one of them, in the plain of Catania (the delta of the Simeto), 
at the distance of four miles from the sea, sent forth water as 
salt as tlie sea."* The saline character of the water ejected, 
or said to fiave been ejected, from volcanoes or earthquake-fis- 
sures, has been supposed to support the idea, that the water in 
such cases is really sea-water, which has somehow been sucked 
into, and stored up in cavities in, the interior of the earth. 
Hooker t states, that after certain eruptions of Hekla, salt has 
been found in such quantities as to load a number of horses. 
But there is no evidence to prove, either that the water, which 
flowed in torrents down the sides of Hekla during certain 
eruptions was saline, or that salt was deposited by its evapo- 
ration. These, I fear, are mere tales of the mountaineers, 
like similar stories anent Etna ! 

Speaking of fiasurca made during the celebrated earth- 
quake in Calabria in 1783, Lyell states, "in many instances 
individuals were swallowed up by one shock, and then thrown 
out again alive, together with large jets of water, by the 
shock which immediately succeeded. "J 

Sir William Hamilton (in his " Campi Phlegrsei," p. 27) 
says, " It is well attested that in the great eruption of Vesu- 
vius A.D, 1631, several towns, among which were Portici and 
Torre del Greco, were destroyed by a torrent of boiling water 
having burst out of the mountain with the lava, by which 
thousands of lives were lost."g Sir William's theory of the 
origin of this water is, that it is simply rain-water, which 
has penetrated or permeated the crust of the earth, and has 
made its way into huge reservoirs in its interior, in which re- 
servoir it has been stored. 

2. " Deluges arc often caused in the Andes by the liquefac- 
tion of great masaes of snow, and sometimes by the rending 
open, during earthquakes, of subterranean cavities filled with 
water. In these inundations, fine volcanic sand, loose stones, 
and other materials, which the water meets with in its descent, 
are swept away, and a vast quantity of mud called ' Moya ' 

8," p. 503. t Journal of ft Taur in Iceland, Ac, p. IIS. 

S Quoted bj Hooker, p. 113. 
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is thus formed, and carried down into the lower regions. Mud 
derived from this source deacended in 1797 from the sides of 
Tunguragua in Quito, and filled valleys 1000 feet wide to the 
depth of 600 feet, damming up rivers and causing lakes. In 
theae currents and lakes of ' moya,' thousands of small Jish 
are sometimes enveloped, which, according to Humboldt, have 
lived and multiplied in subterranean Ciivities* So great a 
quantity of these fish were ejected from the volcano of Imbaburu 
in 1691, that fevers, which prevailed at the period, were attri- 
buted to the efilavia arising from the putrid anima! matter."t 

In January 1803, the vast mass of snow, which usually 
covers Cotopaxi, in South America, was suddenly dissolved in a 
night. " In Quito, on the 19th of July 1698, during an earth- 
quake, a great part of the crater and summit of the volcano 
Carguairazo fell in, and a stream of water and mud issued from 
the broken sides of the hill."| 

Daring the earthquake in Peru, on 28th October 1746, a 
volcano broke out in Lucanas, " and such quantities of water 
descended from the cone that the whole country was over- 
flowed; and, in the mountain near Pataz called Conversiones 
de Caxamarquilla, three other volcanoes burst out, and fright- 
ful torrents of water swept down their 6ides."§ 

"During the earthquake, which destroyed Caraccas (on 
26th March 1812), an immense quantity of water was thrown 
out at Valecillo, near Valencia, as also at Porto Cahello, 
through openings in the earth ; and in the Lake Maracaybo 
the water sank."\\ The latter is the sort of coincident phe- 
nomenon, which is eagerly seized upon as an illustration of 
the correctness of the theory of those, who assert the connec- 
tion between the water ejected in the course of volcanic 
eruptions or earthquakes and that of lakes or rivers. That 
there may be a connection in certain rare instances is pOB- 
sible; but this, not being a subject property coming within 
the scope of this paper, 1 can only refer to it en passant. 

* The preBEDce offish has Tiboq regarded by other writors bb a proof [hat 
tha wkMrfjected from volcanic craters or earthquake-SsBureB was origiuslly 
the water of rivers, lakes, or the sea, which had been Burked into the intecior 
of the earth by Buildanly forraeii crBcks or otberwise. 

t LyeH'a " PrincipleB," pp. 343 and ifiS. J Ibid. p. 503. 

i Ibid. p. SOl. II Ibid. p. ItiS. 
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In the course of the earthquakes in South Carolina and in 
New Madrid, Missouri, in 1811-12, " the inhabitants relate 
that the earth rose in great undulations ; and when these 
reached a certain fearful height, the soil burst, and vast 
volumes of water, sand, and pit-coal nere discharged as high 
as the tops of trees."* 

Numerous fissures were produced in Jamaica by the earth- 
quake of 1C92. " Many people were swallowed up by these 
rents ; some the earth caught by the middle, and squeezed to 
death ; the heads of others only appeared above ground ; and 
some were first engulfed, and then cast op again with great 
quantities of water." t 

3, " The town of Chittagong, in Bengal, was violently 
shaken by an earthquake on the 2d of April 1762, the earth 
opening in many places, and throwing up water and mud of a 
sulphureous smell." J 

In the Runn of Cuteh, India, in 1819, jets of black muddy 
water were ejected from fissures caused by an earthquake — the 
water containing " numerous pieces of wrought-iron and ship 
nails !"§ 

During the volcanic eruption in the Island of Sumbawa, in 
April 1815, " in the Island of Amboyna, in the same month and 
year, the ground opened, threw out water, and then closed 
again." II 

In Java, in 1822, the mountain Galongoon (or Galung 
Gung) suddenly became an active volcano. On the 8th 
October " a loud esplosion was heard ; the earth shook, and 
immense columns of hot water and boiling mud, miwed with 
burnhiff brimstone, ashes, and lapilli of the size of nuts, were 
projected from the mountain like a waterspout, with such 
prodigious violence, that large quantities fell beyond the 
river Tandoi, which is forty miles distant. Every valley 
within the range of this eruption became filled with a burning 
torrent; and the rivers, swollen with hot water and mud, 
overflowed their banks, and carried away great numbers of 
the people, who were endeavouring to escape, and the bodies 
of cattle, wild beasts, and birds- A space of twenty-four miles 

* Lyell'i '• Prlnciplefl," p. 466. t Ibid. p. EOl. 

I Ibul. p. 191. S Ibid. [1. 464. || Ibid. {i. 466. 
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between the mountain and tlie river Tandoi waa covered to 
such a depth with bluish mud that people were buried in 
their houses, and not a trace of the numerous villages and 
plantations throughout that extent was vieible. ... It 
was remarked that the boiling mnd and cinders were pro- 
jected with such violence from the mountain, that, while 
many remote villages were utterly destroyed and buried, 
others much nearer the volcano wore scarcely injured. . . . 
At the end of four days a second eruption occurred, more 
violent than the first, in which hot water and mud were again 
vomited, and great blocks of basalt were thrown to the dis- 
tance of seven miles from the volcano."* f 

* r.yell's " Principlffs," p. 430. 

t Should the reader wish— further than the biiiliagraphiCBl references 
already contained in this paper oiiable him — to eumpare the accounts of the 
eruptiouB of other Icelnndic voloanoea with those of Kotlugj&, he may consult 
the following works :— 

1. "Annalea Islandoram Reg.," in Langenbeck's " Scnptores rerum Danic. 
medii lEvi," which contnina an account of the earlier eruptiona in Iceland. 

2. " Lettora on Iceland," kc, by Uno Von Troll, D.D., Chaplain to hia 
Swedish Majesty, &c. London, 1780 ; the preiiit whereof (pp. 18 and aeq.) 
containa a hibtiographical list of ISO works on Iceland, some of which treut 
wholly or partly of volcanic phenomena. 

3. Blahop Finnaen'a " Efterretning om Tildcagelserne ved Bierget Helcla ,-'' 
Copenhagen, 1767. 

*. " Kort Beakrivelae over den nye Vulcans Ildeprudning i Vester Skap- 
tafjeld'g Sysael paa Island i naret 1783 ;" being an account of the eruption of 
the akaptar-jokul, by Magnus Stephenson, Btatsroed of Iceland, with engrav- 
ings, BvD i Copenhagen, 1785. Translated in Uooker'a " Journal of a Tour in 
leeluid," vol. ii. p. 134. 

5. 8. U. Bolme " Om Jordbronden paa Island i aaret 1783 ;" Copenhagen, 

irsi. 

6. Garlieb, " Island rucksichtltcb seiner Vulkane ;" Freiburg, 8to, 1819. 

7. Hekia og don sidst Odbranii den 2 Septera. 1845. En Monographie : 
med 10 Pkder Lin. 8vo. Copenhagen, 1817, by J. C. SchythB. A brvchvrt 
on the moat recent Eruption of Hekla, coating about 3a. In this country, 
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On the Claim of Dr Wells to be regarded as (he Author of 
the " Tlieory of Dew." By Charles Tomlinson, Lecturer 

on Science, King's College School, London. 

Prohably there never was a Bcientific treatise at once bo 

famous and so little known, as the " Essay on Dew," by 
William Charles Wells, M.D., publiBhed in 1814. A second 
edition of tLia treatise appeared in 1815, and a third in 1818, 
containing the author's autobiography written shortly before 
his death, which took place in September 1817. The essay 
excited some discussion during the author's lifetime. Some of 
the leading facts, together with an epitome of his " Theory of 
Dew," were at ouce adopted in books on natural philosophy, 
and these have been repeated, with little or no variation, by 
every writer on physics down to the present time. 

What then haa made Wells' " Essay on Dew " so famous, if 
at the same time it is so little knoini 1 It is hut little known, 
because it has long been out of print, and therefore inacces- 
sible to the readers of popular science ; it is famous, because 
the innumerable books on natural philosophy have referred to 
it with applause, but chiefly because one of our most celebrated 
scientific authorities has pointed out this essay as a model of 
inductive experimental inquiry. Sir John Herschel, in his 
" Preliminary Discourse on the Study of Natural Philosophy," 
characterises Wells' essay as " one of the most beautiful 
specimens we can call to mind of inductive experimental in- 
quiry lying within a moderate compass ;" and he earnestly 
recommends it to the student of natural philosophy " as a 
model with which be will do well to become familiar."* 

* DrLardner also, in hig " TreatiBB on noat" (1833), gives unbouudBd 
credit to Dr WeUe. He ssya : — " The result of bis iiiquiriea wa? the digcDvery 
of the cause of the phenomena of dew, and affords one of the most beautiful 
inslanceg of indnotive reaioning which any part of the history of physical dis- 
coverj has presented" (p, 3B8). In another Treatise on Heat, pnhiished in 
1855, Dr I.ardner still gives tha whole credit of the " celebrated Theory of . 
Ucw " to Dr Wells. Dr Golding Bird, in his " Elements of Natural Philo- , 
Bophy," 4th edit., 1854, alfo gives the whole credit to Wolls. French «nd 
German treatises do the same. Thus Eisenlohr ■' Lehrbuch der Physili," 1860, 
ia describing the capital experiment uf two thermometers, one on the grallnd, I 
■«*l«r In the air, marking different tcmpcraturee, says, " Dieaer Versuoh 
dliber," p, 367. 
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No wonder, then, that Wells' "Easay oh Dew" ia famous. 
But among the thousands of readers of Herachel'a discourse, 
probably not half a dozen have ever seen, much less read, 
Wells' essay. The Library of the British Museum has a copy 
of the second edition, and a few of the public institutions of 
the metropolis have copies in their libraries ; but it is seldom 
or never met with in private scientific libraries. We have 
often been surprised that the fame of the work should not 
have led to its republication. 

This essay, then, is cited as a model of inductive experi- 
mental inquiry ; that is, the author is supposed to have taken 
op a subject, which was but obscurely known, or known erro- 
neously, and guided by one or two leading ideas, to hare in- 
stituted a number of experiments which, by their teaching, 
suggested others, and finally landed him on the domain of 
sound theory, as respects the subject in hand. Now, in a case 
of this kind, it is not necessary to the author's fame or origi- 
nality th[it all his experiments should be new ; it is not only 
right, but desirable, that he should take advantage of the 
labours of his predecessors and contemporaries, and enlist into 
his service every stray fact that is likely to assist his inquiry. 
But it is necessary, in adopting this course, that he carefully 
adhere to the law of «iflwm and tuum,; and that, when he cornea 
to inform the world of his labours, he point out what others had 
done before he began his experimental inriuiry ; sum up honestly 
their results, with ample reference to books and memoirs, and 
ebow that such and such was the state of the question as ho 
found it, and such the condition of the inquiry when he ceased 
to pursue it. 

But surely Dr Wells adopted this latter course in his famous 
essay, if indeed there were anything to point out on the subject 
of dew except what he himself discovered. The numerous works 
on natural philosophy do indeed favour the common notion 
that Dr Wells ia the author of the modern theory of dew, and 
that he arrived at it by the induction of a aeries of beautiful 
experiments of his own contrivance. Writers on popular science 
are accustomed to distil their books from those of their prede- 
cessors, and to neglect that important part of the distiller's arf, 
namely, reclijication. Now this process of rectification can 
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only be condacted Tiy referring to original memoira, and these 
it is not easy to find, without considerable practical knowledge 
and acquaintance with the literature of the subject. Those 
writers who bo constantly refer to Dr Wells' essay with ap- 
plause, are little aware that most of its results had been pub- 
lished long before the author commenced his labours, and that 
the theory for which he has obtained so much credit, was also 
similarly indicated, in brief but unmistakable terras. 

Now, if this statement be true, the very first place in which 
we ought to look for a confirmation of its truth is in the essay 
itself. But there we find only a loose and general reference 
to authorities, and s, very scanty acknowledgment of other 
men's labours. Indeed, the style of the essay is that of a man 
who is announcing original discoveries. "We will give one 
specimen, and would ask the reader whether such language 
as this does not entirely preclude the notion that such ob- 
servations had ever been made before I He says : — " I have 
frequently seen during nights that were generally clear, a 
thermometer lying on the grass plot rise several degrees, upon 
the zenith being occupied only a few minutes by a cloud. On 
the other hand, I observed a very great degree of cold to occur 
on the ground, in addition to that of the atmosphtire, during 
short intervals of clearness of sky, between very clouSjLBtat^s 
of it." 

Circumstances have led us to inquire into the history of tm 
theory of dew, and the result of our investigation may perhaps 
employ half an hour of the reader's time not unprofitably. 
Our purpose must not however be misunderstood. "We nre 
not anxious to detract from the real merit of Dr Wells, nor 
to cast the smallest pebble against his admirers. The Essay 
on Dew is an elegant production, and proves its author to have 
been an earnest inquirer into nature — a good observer ; and, if 
not quite so original as is generally supposed, we believe him to 
have been conscientious, and that while treading in other 
mens' footsteps he Bometimes fancied himself to he cultivating 
his own clearing. 

Now, in order to investigate Wells' claim to be regarded 
as an original discoverer we will credit him with the following 
six items, and then proceed to strike a balance by a careful 
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inqiairj into the debits. The chief points, then, which Dr 
Wella is said to have established, may be thus stated : — 

1. That on clear and serene nights the surface of the earth 
is colder than the air some feet above it. 

2. That on such nights dew, or hoar-frost, is formed. 

3. That in cloudy weather the temperature of the ground 
approaches, and is often identical with, that of the air; and 
under such circumstancea little or no dew is formed. 

4. That screens, even of the lightest materia!, interposed 
between the ground and the clear sky, and in general what- 
ever interrupts the view of the sky, prevents that portion of 
the ground thus protected from cooling below the temperature 
ef the air. 

5. That different bodies exposed to the clear sky become 
Bolder than the air — the times and amounts of cooling being 
in general different in different bodies. 

6. That all these varied phenomena are to be accounted for 
On the principles of radiation and condensation, by the first 
of which the surface of the earth after sunset, provided the 
eky be clear, cools down below the temperature of the air; 
and by the second of which the vapour suspended in the air 
IB reduced to the liquid state by contact with a body cooler 
■than itself. But should the sky be clouded, or the ground 
bo protected by means of screens, the heat radiated from the 
earth is reflected back again, and thus maintains the surface 
at or about the same temperature as that of the air. 

The history of dew is a good illustration of the viciouahabit 
of transposing cause and eifect. The ancients having noticed 
that dew was most abundant on moonlight nights, supposed 
th^ moon to he the cause of the dew, and the poet embalmed 
that belief in the term Eorifera Luna. Aristotle neverthe- 
less more accurately described it as a species of rain, formed in 
the lower atmosphere in consequence of the moisture which 
had been evaporated by day being condensed by the cold of 
night into minute drops. Bacon (Natural History, p. 866) 
noticed that starlight and bright moonlight nights are colder 
than cloudy nights, MuschL'ubrock regarded dew as a real 
perspiration of plants, Du Fay considered it to be an electri- 
cal phenomenon, since metals contract it but feebly, and metals 
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being good condactora convey away the efBcient cause of the 
Iihenomenon. The common notion, however, was that dew 
rose out of the ground. These are mere fancies, not steps in 
our history, and it is surprising that they should have been 
conceived, seeing that a certain amouDt of correct obaervatioa 
had already been recorded. The first point to be decided was, 
whether dew rose from the ground, or whether the moisture 
that supplied it already existed in the air. The Florentine 
Academicians decided that the moisture was in the air, and 
they even attempted to estimate its amount by cooling the outer 
surface of a conical glass by filling it with ice, and then not- 
ing the moisture which condensed on the surface, and endea^ 
vouring to estimate its amount. This was done more accu- 
rately by the Hon. Robert Boyle, who, in his " Experimental 
History of Cold" (published in 1665), determined experi- 
mentally that the beautiful exhibition of frost on the window 
pane is " generated of the aqueous corpuscles that, swimming 
up and down in the air within the room, are by tho various 
motion that belongs to the fluid bodies as such, brought to pass 
along the window, and then by the vehement cold of the 
neighbouring external air, communicated through the glass, 
condensed into dew and frozen into ice." To prove this, Boyle 
sealed up in a phial a freezing mixture of snow and salt. 
" After a while, the salt beginning to melt the snow, the dew 
on the outside began to congeal, and being rubbed off, the 
hoar-frost would quickly begin to come again. This phial, for 
further trial, being put into a pair of scales with a counterpoiae, 
after a while, as the vapours that wandered through the air 
in the warm room happened to be detained more and more 
upon the outside of the glass and to be there frozen, the scale 
wherein the glass was began to be deprest, and to shrink 
lower and lower; after which, by adding a little to the coun- 
terpoise, we reduced them again to an equilibrium, and yet 
after a while the scale that held the phial subsided again more 
and more." In this way Boyle collected on one occasion 18 
grains of water, and on another 20 grains. 

In this experiment Boyle distinctly recognises the fact, that 
'lew and lioar-frnat are formed by the precipitation of tho 
vapour of the air upon a colder body. Looting back upon this 
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experiment, it aeems so easy for Boyle to have transferred the 
scene of hia operations to the surface of the earth sparkling 
with dew, or bedecked with hoar-frost, and to have reasoned 
thus — " After sunset, the earth must be colder than the super- 
incumbent air, or why this dew and hoar-frost V Bat before 
the question could assume this simple form, there was still 
more than a, century of observation and experiment, doubt, 
difficulty, and discussion, but nevertheless of steady progress 
to be gone through. 

A real advance was however made hy Le Roi* of Montpel- 
lier in 1752, who {apparently without being acquainted with 
Boyle's experiments) was led to doubt the truth of the received 
notion that dew rose from the ground, by the well-known expe- 
riment of putting ice into a dry glass in summer, when dew 
forms on its outer surface. Such moisture, he rightly thought, 
must be deposited by the air ; and to teat his opinion he sealed 
a bottle of white glass containing air at the temperature of 
20° Reaumur. Aa evening came on and the temperature of 
the air declined to 15°, the interior of the bottle was bedewed 
in the upper part ; when exposed to the cold of night (which 
was as low as 6° K.), there was a considerable deposit of dew 
within the bottle. On the next day, when the bottle shared 
in the warmth of the returning sun, the whole of the moisture 
was taken up again, and the bottle became as transparent as 
it had been the day before. 

Le Roi also reasoned correctly on this experiment, that the 
quantity of moisture in the air is dependent on the tempera- 
ture. Hence, by lowering the temperature there must always 
be a certain degree of cold at which the air will deposit a por- 
tion of its moisture, and he named this temperature the point 
of saturation of the air (degr6 de saturation de Voir). 
" To determine this point," he says, " I take water sufficiently 
cooled to precipitate the moisture of the air on the exterior 
surface of the vessel that contains it. I pour this water into 
a large glass, very dry on the outside, and plunge into it the 
bulb of a thermometer in order to note its temperature. I 
allow it to become warmer by half a degree, and then pour it 

* " Sur rUlei-oUi n et 1o SrapcnBion (i^ I'Bau Jm.a I'Air, et but U lioiea."' 
.MSmuires de rAeiiflemie llojale dc6 Seiences, 1752. Par\f, 1755. 
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into another goblet. If the outer surface of the goblet is still 
bedewed, I allow the water to become warmer ^° at a time, 
until I have seized the exact point above which there will be 
no further precipitation. This point is the point of saturation 
of the air. For example, on the 5th October 1752 the tem- 
perature of the air was 13" R. ; at 5^° the surface of a cooled 
glass became bedewed; above this point it remained dry; 
below it moisture from this air was precipitated upon it, and 
that in greater quantity as the temperature was reduced." 

Le Roi noticed that the point of saturation, or the dew- 
point as we now call it, was often, during the day, very near the 
temperature of the air ; but at night, when the air was many 
degrees colder than during the day, it was natural to suppose 
that on Bomo nights it would fall below its point of saturation ; 
and that, when such was the case, all the moisture in excess 
of that proper to the air temperature would be precipitated 
and form dew, and thus prove that dew is really formed«by 
condensation of the moisture of the air. Accordingly, on tbe 
27th September 1752 at sunset, when the air was at 17" E., 
and the degree of saturation 13-^-°, a bottle of white glass waa 
suspended in the open air; next morning, before sunrise, its 
exterior surface was found to be covered with dew, the read-- 
ing of the thermometer being 12i". The result of a great 
many experiments of this kind was, that whenever the bottle 
was wet with dew, the nocturnal temperature had fallen below 
the point of saturation, but when the surface of the glass waa 
dry there had been no such depression. The important obser- 
vation, however, was made, that although the nocturnal tem- 
perature might fall below the point of saturation, a change of 
wind would sometimes prevent the formation of dew. 

These are all capital observations, and deserve to be rescued 
from a memoir which contains other less worthy details; and 
the more so as Le Roi's method of determining the dew-point 
is precisely that which many English writers on natural phi- 
losophy assign to Dalton under the date 1802. 

The next step in advance was taken by M. Pictet of Geneva, 
the author of some beautifal experiments on radiant heat, 
especially those with the conjugate mirrors. lie noticed that 
a thermometer suspeoded five foct from the ground marked a 
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lower temperature on clear nights than One suspended at the 
height of 75 feet.* The experiments which led to this result 
originated in the method of measuring heights by the baro- 
meter; and in order to mate the recessary corrections for 
temperature, M. Fictet wished to ascertain the law of cooling 
in a vertical column of air. For this purpose ho erected a 
mast in an open plain, with simple arrangements for quickly 
raising and lowering thermometers. Re also placed a thermo- 
meter with its bulb buried in the earth near the foot of the 
mast, a circumstance which caused him to mias a great dis- 
covery, for had lie simply placed the thermometer on the earth, 
instead of burying its bulb, he would have found that on clear 
nights the earth's surface is colder than the air above it, 
whereas he supposed it to be warmer. Passing over a number 
of interesting results, we may state that the readings of the 
two thermometers, the one at 5 feet, and the other at 75 
feet from the ground, were the same at about 2 or 2^ hours 
after sunrise, and continued so during the hottest part of the 
day; but some time before sunset the readings were in the 
opposite direction, the lower thermometer being colder than 
the upper one, the difference increasing rapidly till sunset, 
and averaging as much as 2° Reaumur, and even more, aa 
long aa twilight lasted. This difference continued up to eleven 
o'cloct at night, and apparently until sunrise, and not till some 
time after sunrise did the readings agree, and then they began 
to cross each other as before. This result was obtained at all 
seasons, during moderate wind and in cloudy weather; only in 
the last case the effect was much less appreciable. When 
the sky was completely clouded, or fog prevailed, or much 
wind, the difference disappeared, and the readings of the two 
thermometers were identical. 

Pictet admits that he had always supposed the cold of 
evening to descend from above, and he could scarcely believe 
his eyes when he found the thermometer at the height of 
75 feet more than 2° higher than one at five feet. He then 

* The Biperimcnta which led to this result were made in 1773, and an uc- 
connt or them was inserted hy M. de Lue in the fifth volume of his " Lettres 
[ PhjBiquea et Mo™Ub." La llaje and Paris, 1779. M. PicWt'a account ia 
f pnblisbed in hia " Easaia da Physique." Geneva, 1790, 
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bogins to reason correctly. " It is then from the ground 
that this coldneBs proceeds" Q' Vest done du sol que pro- 
vient cette fraicheur ;") and indeed the thermometer hanging 
at four lines from the ground generally gave a lower reading 
than the one at five feet. Thta ia all correct observation ; but 
the buried thermometer led him astray, for this, naturally 
enough, indicating a higher temperature than any of the other 
instruments, he supposed that the earth retained a consider- 
able portion of the heat it bad acquired during the day, that 
a layer of air cooled by evaporation from the surface, pro- 
duced the cold to the height of four lines from such surface, 
while at higher elevations the warmer air escaped this chilling 
influence. 

In January 1768, Professor AlexanderWilson of Glasgow 
noticed that a thermometer placed on the snow marked a 
temperature 8" F. lower than when suspended in the air, 
and that the mercury always rose a small matter when a mis- 
tiness came on, and vice vers^i.* But the most important 
observations bearing on the theory of dew and ■ boar-frost 
were made by Professor Patrick Wilson, eon of the above ; 
and in reading the accounts of his experiments, which were 
begun in 1780,t we are struck with astonishment that he 
should have relinquished tbem just as they appeared to pro- 
mise such good fruit, Ingenious in devising experiments, 
and honest in reporting their results, we cannot but regard 

• PhUoBoiibicBl Transactiona for 1771. 

t Professor Wilson'a first paper is contaiaed in the Transactions of the 
Royal Society of London for 1730. It ii entitled " An Account of b most Bi- 
traordinary Degree of Cold at Glasgow ic Januacy Usl, together with some 
New Eiperiments anil Observations on the Comparative Temperature of Honr- 
frost and the Air near to it, made at the tlacfarlane OliservaCorj, belonging 
to the College. In a Letter from Patrick Wilson, M.A., to the Rev. SeTil 
Maflkeleyne, D.D., F.R.8. and Astronomer- Hojal." Tliere is a Second and 
ihotter paper in the Ptiilosophical Transactions for ITSl, entitled " Fur- 
ther Eiperimenta on Cold,'' kc. But the author's most elaborate paper is con- 
tained in the first volume of the TranBactions of the Ruyal Society of Edin- 
burgh, published in 1788. It is entitled " Eiperimente and Observatluns upon 
a remarkable Cold nhich accompanied the Separation of Hoar-frost from a. Clear 
Air." By Patrick Wilson, ProfeEsor of Astronomy in the UniVErsity of Glas- 
gow. 
Feb 
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Patrick Wilson aa the moat distinguished of Wells' prede- 
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Professor Wilson states that severe cold having set in on 
the 13th January, he determined to note the temperature fre- 
quently, and to keep [i register, but was induced to extend his 
observations by meeting with " a new phenomenon, which con- 
sisted in a constant difference of temperature of the snow, 
which at that time covered the fields, and that of the air a few 
feet above, — the snow being the coldest." While taking a note 
of the temperature at an open window of the Observatory, at 
5-30 p.m., he observed it to be at zero F. At 6 o'clock, or 
half an hour later, he carried the instrument into the Observa- 
tory Park, and laid it down upon the snow, when the reading 
was soon reduced to —13°. He supposed this to be the tem- 
perature of the air, but remembering that this was an unusual 
degree of cold, it occurred to him that the snow might have 
become cooler than the air by evaporation. To teat this idea, 
he instituted the same evening a series of comparative experi- 
ments, and noted them down in a table ; which, being the first 
of the kind ever published, containing tho important and in- 
teresting fact, that during clear weather the ground at night 
is colder than tho superincumbent atmosphere, cannot fail, we 
think, to be examined with great interest, (The contraction 
gr. means graduations or degrees) 

Tltursda^ Evening, January 13. 

Below 0. 

" 8-30 o'clock, therm, on 1 ,, „, '. T" 7^ 

_. ■ ^ J i S KT- — 12 Therm, m air io gr. 
snow pointed to J ° =■ 



11-30 
12-30 . 



'clock, Friday morning — 20 
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o'clock, therm, on 
Bnow pointed to 



1 



6'30 

7 ... ... -22 ... ... -13 

7-30 .., ... -22 ... ... -13 

-19 ... ... -10 

Wilson soon found that the cause of these reuiarkable 
differences could not be attributed to the evaporation of the 
snow, seeing that hoar-frost was being abundantly deposited 
at the time when the readings were lowest. On the night of 
the 23d January 1780, " several things were laid out at the 
observatory, such as sheets of brown paper, pieces of boards, 
plates of metal, glasses of several kinds, &c., which all began 
to attract hoar-frost, seemingly as soon as they bad time to 
cool down to the temperature of the air. The sheets of paper 
being thin and easily cooled, acquired it soonest, and when 
beheld by candle-light were beautifully spangled over by in- 
numerable reflections from the minute crystals of hoar-frost 
which had parted from the air." 

If, in the above passage the writer, instead of the little word 
to which we have printed in italics, could have written the 
word below, he would have given the true theory of the for- 
mation of dew and hoar-frost. We shall see further on, that 
Professor Wilson more than half suspected that this cooling of 
bodies below the temperature of the air was necessary to the 
deposition of hoar-frost. 

In the course of his first osperiments in 1780, Wilson did 
not fail toremark, that the lowest temperatures were coincident 
with the clearest weather, or, as he expresses it, " the stars 
shining with a full and steady light, like that of the planets." 
A basket had been filled with snow from the surface, when the 
temperature was + 14°. At 4 o'clock, a piece of thin fir plank 
about a foot square was placed on this snow, and on the planJt 
a small pSate of tin, and on the tin a thermometer, which at 
5 o'clock pointed to — 16",and at G to —18^. It now occurred 
to him that the snow had been cooled by a descent of cold air 
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" sweeping along ifca surface in so thin a sheet, aa not to aflfect 
the air a little higher up." To teat thia idea, he placed a 
thermometer on the snow, and the reading was —22", that of 
the air ahovo being —8°; and he then proceeded to project 
air on the bulb of the thermometer on the snow, by means of 
bellows, which had been previously cooled by lying out on the 
snow, the operator standing to leeward of the thermometer. 
After continuing to blow for two minutes, he waa surprised to 
find that the thermometer had riaen no less than 10°, the read- 
ing bcing^— 12°, The experiment was varied on another night, 
by fanning the snow with a sheet of brown paper, fastened to the 
end of a long slender stick ; and the rcault was, that the mercury 
rose to nearly the same degree as that suspended in the air. 

These experiments sufficiently disproved the idea of the snow 
being cooled by a descent of cold air. The reverse process, 
namely, the warming of the snow by the presence of clouds, 
apparently suggested the following experiment, which has been 
often repeated by persons who seem to have had no idea that 
it originated in 1780 with Patrick Wilson, instead of 1812, 
with "Wells. At 1-45, when the thermometer on the snow was 
at + 3°, the instrument was screened by two sheets of brown 
paper set up on their edges, and inclined against one another 
like the sides of a roof, the paper having first been cooled by 
exposure to the snow. At 245 the thermometer thus sheltered 
pointed to + 9", showing a rise of 6". This capital experi- 
ment was afterwards repeated, aa the author remarka, " with 
the same event." We may here mention, that at a later period 
of the inquiry, Dr Black* suggested that a gauze screen should 
be tried instead of the brown paper. Accordingly, Wilson 
says, " I fastened with packthread a piece of open gauze to 
a hoop of 8 inches in diameter, and an inch deep, and when 
the thermometers were sheltered in this manner, the quick- 
silver commonly rose nearly 2°." 

That the air above the snow should be warmer than the 
snow itself was a fact sufficiently startling to these earnest 

* I[ abauld be stated that Dra Irviue a-oA Cranfoi'il, numes honourably dia- 
tlnguiabed in connection with the scieace of bent, peraonolly asibted Profesaor 
Wilaon in this inquiry, while Dr BIbcIi gave it the aanction of his high autho- 
rity by aicbBDging letters on the eubject with him. 
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coDBcientious men, wlio, in a proper philosophical spirit, tried 
to explain it " by known principles," and yet could not avoid 
" a suspicion of there being something singular and undis- 
covered at bottom," They not unnaturally sought to ascertain 
whether the higher temperature of the air extended to any 
great distance, and they accordingly attached a thermometer 
to a hook at the end of a long pole, and elevated it 24 feet. 
On suddenly lowering the instrument, it gave a higher reading 
than at the station below, where the temperature on the balus- 
trade to the windward of the building was + 10°, and when 
several detached bodies were coated with Loar-frost. " The 
result of this trial," says Wilson, " appeared more remark- 
able than anything which bad hitherto occurred." The ther- 
mometer was taken off the pole and laid on the hoar-frost, 
when the mercury fell not less than 6° ; this was repeated 
several times. The instrument was also swung round in the 
air, so as to bring the bulb into frequent contact with fresh 
particles, and still there was an elevation in temperature. 

After this the frost broke up and the experiments were dis- 
continued, under the mistaken idea, which was moat unaccount- 
ably allowed to prevail, that the results depended upon an ex- 
cess of cold. In February of the same year 1780,-the frost 
returned, and the capital observation was made during a thick 
fog, that there was '* no difference whatever in the tempera- 
ture of the hoar-frost and the air in its neighbourhood, both 
being -h22° at 10 a.m. At 11 the sun broke through the 
fog, when the temperature of the hoar-frost was observed to 
be as quickly affected as that of the air, 

In giving an account of his labours for this winter. Profes- 
sor Wilson winds up with the following remarkable words : — 
"In the further prosecution of this subject, and in whatever 
way it may be cleared up, it is probable that we shall meet 
with a fine instance of the congruity of Nature in all her 
operations, and of the stability of those general laws which 
have been derived from a cautious observance of the rules of 
experimental philosophy. It would be going too far were we 
to conclude from the experiments related above that very cold 
air is never disposed to deposit its contenta except upon 
bodies as cold, or colder than itself; and yet that this is fre- 
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quentJy the case, seems proltaljle from a mimljer of c 
appearances." He then gives such examples as the follow- 
ing : — After a night of frost the slates and other thinner parts 
about a house will be whitened with hoar-frost, when the walls 
and more solid parts of the building remain quite free. In 
like manner, the smaller branches and twigs of trees often 
acquire this frozen ornament when the main branches and 
trunk remain naked for a long time ; and, in general, any thin 
or detached body, capable of being easily cooled, attracts hoar- 
frost the soonest. 

In the following year, 1781, another remarkable observa- 
tion was made — namely, the greatly increased temperature of 
the earth beneath the snow, as compared with that of the 
Hurfaee, and indeed with that of the air. On the 22d of Janu- 
ary, from 1 till 3 in the morning, the thermometer in the 
air at the balustrade of the east wing of the Observatory 
marked + 4° to -f 6°, and on the snow —2''' to 0". At 1'30, 
the thermometer in the air, 24 feet from the ground, to wind- 
ward of the house, stood at +7''. At 3, the snow in the 
park, nine inches below the surface, raised the thermometer 
to + 14°, and at the depth of six inches, to + 24°. 

The following readings, taken on the 25th, show, in a moat 
beautiful manner, the equalisation of the temperatures on the 
snow and in the air under the influence of increasing clouds. 



9'45 o'clock, . 

1030 

11-30 

l'2-30, cloudy, 
1 afternoon, more cloudy, 
1'30, cloudy all over, 



+ 10 
+ 14 

+ 17 
+ 22 
+ 26 
+ 27 



+ 26 
+ 27 

of providing 
for he says, " 1 



Wilson was quite aware of the importa 
himself with good comparable instruments ; 
had now ready a set of ticklish thermometers, with naked 
bulbs and slender ivory scales, and all very nearly agreeing as 
to their dimensions and distance between the fixed points." In 
the observations of 1783-84, he constructs his tables with 
especial reference to the state of the sky. These are instruc- 
tive, and we quote one or two. 
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December 28, 1783. at Mght 


Snow 


Air. 


"IZnT 


11 o'clock, quite clear, . . +5 


-7 ' 


11-30 ditto, . . +4 


-7 


11-50 overcast, ... +6 


+ 4 


12'30 more overcast, . +7 


+ 7 


Morning. 




1 '30, turning a good deal clearer, , +8 


+ 4 


1-45, Btill more so, . . +8 


+ 2 


9-9n f '=^^'"' everywhere, except an ill- „ 
2 20 [ defined cloud in N,E., + ^ 


+ 4 


„ ditto, except a small ill-defined 1 , 
^ cloud near zenitli, ] "'' 


+ 3 


Very clear, except some better 1 




3-45 J define<l clouds near horizon, l +12 


+ 4 


from N, to N.E., J 




On the 30th December he remarks, that " this 


night the 


thetmometers were affected still more remarkably by the vi- 1 


cissitudes of the atmosphere, the snow not only acquiring the 1 


same temperature aa the air when the heavens were overcast, | 


but thereupon becoming considerably warmer." 


rhe effects 1 


here referred to depend upon the influence of wind 


in tending 1 


to equalise the temperature, as upon radiation in lowering it. 1 


December 30, 1783, at A'ijjAt. 


Snow 1 




upoD thg ■ 




ground. ■ 


7 o'clock, clear all over, . . — 1 


~ 9 M 


9 do. wind gentle E., . . -4 


-12 ■ 


10 do. do., ... -4 


-12 ■ 


f Wind a little before this shifted 


^^^M 


11-20 from E. and E. by N. to S., } -1 


-8 ^^^H 


[ and now some clouds in S.W., 


^^^^^1 


1135 f Cl°"dy all over, wind S.S.W., 1 „ 
^^■^^ [ blowing out the candles, ] " 


+ 4 ^^H 


12 Do. do., . 


+ 4 ^^H 


f Nointervalsof sky.butageneral 1 




12-30 \ uniform cloudiness, which hid V + 1 


+ 4 ^^H 


( all tho stars, . J 


^^^H 


JHorninif. 


^^H 


^^ 1-30 Ditto. . . +3 


+ 9 .^^l 


^^^^^ 2 Particles of snow beginning to fall, + 6 


+ 10 ^^M 


^^^^^ S-30 Ditto, + 


+ 10 ^^H 


^^^■^0 More snow falling than before, + 10 


+ 14^^^H 
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We have next to notice a capital series of experiments by 
"Wilson, on the cooling of different Lodies by exposnre to a clear 
nocturnal sky. And in order to be able to ascertain wbetber 
these bodies gained or lost in weigh t by the exposure, he ingeni- 
ously arranged some of them on a balanced board, which he 
called a snow-sca!e, so as to be able to weigh them after the 
experiment, so that should they have gained in weight he 
would thus completely get rid of the idea of the cold being the 
result of evaporation, which still continued to haunt him. He 
first exposed some fine flinty sand, free from dust, and some 
snow in the snow-scale, placing one thermometer on the sand, 
and another on the snow, and suspending a, third in the air, 
when he was astonished to find the excess of cold at the sur- 
face of the sand, the thermometer in air indicating -t- 14, that 
on the snow + 10, and that on the sand -I- 8 ; and on weigh- 
ing, it was found that the sand had gained t* ths of an ounce, 
and the snow nearly ^^ths. The following are the tabulated 
results of this admirable experiment : — 

January 24, 1784, at Night. 



10'30 o'clock, . -H 

11-15 do. . -f 

11-20 do. . -H 

11'40 do. . + 

11-55 do. . + 

12'45 do. . -1-12 +9' +1 

1-30 do. . -^12 -f-10 +8 -h6 

-On this occasion another experiment was tried as to the effect 
of a screen in preventing the cooling of a body exposed to the 
aky. A little after midnight, when the temperature of the 
air was 12° and that of the sand 7°, a thin disk of wood, which 
had been cooled by exposure to the air, was placed over the 
sand, at the height of about 11 inch from its surface. After 
an interval of seventeen minutes it was removed, when the read- 
ing of the thermometer on the sand was only 2° lower than 
that suspended in the air. On the same occasion, the gauze 
screen already referred to was tried, with a similar result. 

On the next night (26th January), finely powdered wood 
charcoal, loose ahaviuga of brass from a turner's lathe, a 



» ede. 


Sani! board. 


upon lb 
ground 


+ 11) 


+ a 




+ 10 


+ 8 




+ 8* 


+ 6} 


+ 5 


+ BS 


+ 7 




+ Vi 


+ 6 


+ 6 
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friable aaialgain of mercury and tin, togetlier with sand and 
anew, were exposed to the akj on circular boards, two feet in 
diameter, mounted on a long slender frame, set at right angles 
to the direction of the wind. A thermometer was placed on 
each Bubsfcance, and the reason assigned for the experiment 
waa the very proper one, of " sand being found to favour thia 
refrigeration." The result of the experiment was, that all the 
bodiea exposed, except the snow, fell full 6° below the tem- 
perature of the air, which was +12° ; the sand being rather 
the coldest, and the snow nearest the air's temperature. It waa 
noticed that " the hoar-frost separated from the air most dia- 
cernihly on the sand and charcoal dust, though the manner of 
attaching itself to those subatancee waa very different. On 
the sand it showed itself by making the surface all over 
sparkle with an infinity of minute bright points ; whilst on the 
charcoal dust it settled without such congruity, and formed 
into many broken filaments of a dull hue, which here and 
there lay clustered as if aiming at some stellated arrange- 
ment." This is very accurately described, and agrees with 
what we know as to the radiating powers of the bodies in 
question ; but we cannot help thinking that the reduction in 
temperature is understated, the temperatures given being pro- 
bably those of the hoar-frost rather than of the aand and 
charcoal. 

In another experiment, a quantity of mercury was exposed 
in an oval mahogany tea-tray, and a quantity of sand in an- 
other. A thermometer waa placed on each surface, and a 
third instrument was suspended in the air. The following 
are the tabulated results of the experiment : — 
Janumy 29, 1784, at Night. 
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A good deal of hoar-frost settled on the wood of the trays, 
and the cold waa attributed to this, instead of the radiation 
•producing the hoar-frost ; indeed, the concluaion drawn from 
these experimenta ie, that " at any given time the more hoar- 
frost the air imparts to bodies over which it passes in a clear 
state, the greater is the cold then produced." This is simply 
mistaking effect for cause ; and while expressing our admira- 
tion at the beauty of the experiments, the ingenuity with 
which they were devised, and the candour with which they 
were reported, we cannot help thinking that in this long 
inquiry the professor had rather retrograded than advanced. 
With these important results before him, it is wonderful to 
us how Wilson could persist in the idea that they depended 
on an " excess of cold ;" that our winters are bo short, and 
the cold not usually severe enough, for the prosecution of " so 
dark a subject" which he therefore hands over to the philo- 
sophers of more rigorous climes. The fact is again and again 
brought before him, that it is "in the clearest and stillest 
nights only that the cold at the surface of the boards waa 
observed to be most remarkable," and yet he allows the great 
discovery to escape him, that the deposit of moisture is a con- 
sequence, not a cause, of this cold. He discovers the highly 
important and suggestive fact, that different bodies freely 
exposed to the clear sky cool at different rates, and yet this 
great fact bears for him no fruit. He makes the equally sug- 
gestive discovery that the refrigeration is checked by screens, 
even where the material is so flimsy as gauze; and this is 
equally barren. Truly we can only wonder that a man having 
done so much should have stopped short — should have ploughed 
the land, sown the seed, watched the growing crop, and then 
have left others to possess themselves of the harvest. What 
is so surprising is that Wilson should not have continued his 
experiments and observations at different seasons, and that 
such men as Black, Crawfurd, and Irvine, should not have 
seen in these results something to suggest the laying out of 
thermometers on other nights after the frost had disappeared. 
Another remarkable fact is, that Wilson's experiments 
should have been unknown to subsequent inquirers in the 
same field, the first of whom that has now to be mentioned is 
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Mr JameB Six, F.R.S., the inventor of a well known register- 
thermometer, an account of which and of experiments made 
with it waa published in the "Philosophical Transactions," 
and also in the "Monthlj Review," 

From these sources a volume was made up and published 
a year after his death.* The fifth chapter of this work is 
headed, " How far a thermometer is liable to be affected by 
being placed near to or at a distance from the earth ; or what 
difference is found in the temperature of the air at different 
altitudes." Mr Sis was a resident of Canterbury, and took 
advantage of the cathedral of that place for obtaining the 
various altitudes required for his thermometers, He saya 
(writing in 1783), "I took corresponding observations at dil- 
ferent stations from the surface of the earth to an elevati;-n 
of more than two hundred feet above it. On making this 
experiment, I was at first very much surprised to find the 
temperature at the upper station on some nights considerably 
warmer than the lower one ; and, on searching for the cause 
of this difference, I found it to proceed from o refrigeration 
which takes place on the surface of the ground in the evening 
and night, and more particularly so when the weatMr is still 
and clear- For, although the earth is then more liable to be 
heated by the sun's rays in the daytime, and, by its superior 
density, capable of retaining a greater degree of it than the 
air, yet a diminution of heat begins to take place on its sur- 
face as soon as the sun is near setting and the dew begins to 
appear, and increases so as considerably to cool the lower 
strata of the air." Here, again, there is a substitution of 
effect for cause; for Six evidently attributes the cooling 
to the dew, instead of the dew to the cooling. To see whether 
the phenomenon varied with the seasons, he continued his 
observations for about a year, and arrived at the general con- 
clusion that the most considerable differences were to be found 
when the weather was serene. He also noticed that the 
refrigeration is much less during thick fogs and cloudy skies ; 

* " Tbe Constrnction nnd Use of a Thermometer for showing the eitroniBa 
of temperature in the BtmOBphsre during tha observer's absence, together with 
BiparimeiitB on the variations of local heat, at^a other meteorologic»I obeervi- 
tlons." By Jamea 8ii, Esq., P.R.S.. Maidstone, 1794. 
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and he saja, " I have never found the glass on the ground in 
the night warmer, or even so warm, as those above it, except 
when rain or snow haa continued to fail during the whole 
night, be the general temperature of the air either warm or 
cold." He also noticed that the degree of cold varied with 
the kind of surface on which the thermometer was placed — ■ 
that " on green turf where the grasa is not an inch long the 
diminution will be leas on some nights by 1°, S'"', or 3°, than 
where the grass is longer, and according as the cold ia more 
or less intense." He also found the difference between the 
temperature on the ground and seven feet above it to be greater 
during the night than between seven feet and 200 feet, except 
in one instance, when they were equal. 

Next in the order of discovery ia M. Prevost, who, in a 
work printed at Geneva in 1792, entitled " Eecberchea Pkysico- 
Mecaniques aur la Chaleur," distinctly recognises the fact that 
when at night the sky ia clear the air is generally colder near 
the earth than at a higher elevation ; that in spring and 
autumn it seldom freezes under a cloudy aky, and that often 
on a calm night, when a cloud paasea over the zenith of the 
observer, the thermometer instantly begins to rise. He ex- 
plains this on the doctrine of radiant heat, which, he aaya, 
passes easily through the air, but that clouds are opaque for 
heat as well as for light — they absorb both, or only allow it 
to pass slowly. The heat radiating from the earth traverses 
the pure atmosphere with facility, but is intercepted by clouds, 
which form a sort of vestment for the earth; receiving the 
radiant heat on their lower surfaces, they become warm there, 
aa a garment does close to the body, and restore to the earth 
more heat than transparent air can do. Meanwhile the sur- 
face of the cloud cools from the ease with which it emits heat 
into the rarefied air above. Nor need we be surprised at the 
quickness with which a nocturnal cloud causes its presence to 
be felt, seeing that the action of radiant heat, going and 
returning from the earth to the cloud, and from the cloud to 
the earth, takes place in an indivisible instant of time. 

Keferriug to Pictet'a observation made in January 1777, 
on the night between the 4th and 5th, that the thermometer 
was at 5" Fahrenheit at 10 p.m., when the sky became clouded, 
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and at 11 P.M. it had risen to 8|'', he states that Pictet in- 
formed him that the rise in temperature was accompanied by 
the appearance of a low cloud of no great extent in the zenith. 
He also refers to a fact, well known to agriculturists, on the 
almost instantaneous influence of clouds on the soil in pre- 
venting the formation of dew and hoar-frost: even where the 
temperatures are the same it will be found under a clear skj 
and not undur a cloudy one. All these facts, he adds, are 
explicable by the theory of radiant heat, and considering the 
clouds to act the part of screens. 

A series of experiments by M. B. Prevost belong to the 
year 1802-3, and are contained in tbe "Annalea de Chimie," 
an, XI. He begins by citing an experiment of Du Fay, in 
which a glass vase placed in a silver basin and exposed to the 
night air sometimes becomes covered with dew while the 
basin remains dry, and he shows by a number of experiments 
" that a piece of metal placed on glass usually protects also 
the opposite side of the glass from the deposition of dew; 
and in general, that whenever the metal is placed on the 
warmer side of the glass, the humidity is deposited more 
copiously either on itself or on the glass near it; that when 
it is on the colder side it neither receives the humidity nor 
permits its deposition on the glass ; but that the addition of 
a second piece of glass over the metal destroys the effect, 
and a second piece of metal restores it." It was also shown 
that when a number of drinking-gl asses of the same size were 
about half or two-thirds filled with water, mercury, alcohol, 
oil, acid, small shot, and other bodies, and exposed to the 
night air, no dew was deposited on their lower part, but only 
above the level of the substances contained in the glasses, 
and that at distances ranging with their nature, it being 
greater for mercury than water, and greater for water than 
oil. 

Tlie author of these experiments attempted to account for 
the effects produced on the principle of conduction, for which 
the metals are distinguished over glass and the other sub- 
stances employed. Dr Thomas Young, however, in his "Lec- 
tures on Natural Philosophy," published in 1807. gave the 
true explanation. He notices the fact that metals have a 



to the Authorship of the " Theory of Dew. ^' 77 

very weak attractioa for raoisture, and then, after the short 
summary which we have quoted above, concludes in the fol- 
lowing words: — "It appears that from its properties with 
respect to radiant heat, the metallic surface produces these 
effects by preventing the ready communication either of beat 
or of cold to the glass." 

Dr Young also, under the same date, 1807, refers to Prevost'B 
former experiments, and explains the fact of a thermometer 
rising when a cloud passes over the place of observation by 
its preventing the escape of heat radiating from the earth 
and reflecting it back to the surface. 

In thus marking the chief points respecting dew, which 
were established by the predecessors of Dr Wells, we have 
seen that long before the date of his celebrated essay, five at 
least of the six propositions given near the commencement of 
this article had been established by decisive experiments re- 
corded in "Transactions" and journals accessible to all; and 
this had been Jone many years before Dr Wells began Ms 
labours. With respect to the sixth proposition, wo have seen 
that M. Prevost had satisfactorily accounted for the nocturnal 
cooling on the principle of radiation, and had justly appre- 
ciated the influence of screens and clouds in reflecting back 
the heat thus emitted. Indeed we have a distinct acknow- 
ledgment by Wells of the value of Prevost's theory in explain- 
ing the phenomena of dew and hoar-frost. He says that he 
has adopted " the hypothesis of M. Prdvost of Geneva on 
the constant radiation of heat by bodies in contact with the 
atmosphere, even at a time when they are exposed to the 
influence of bodies warmer than themselves; as it appears to 
agree perfectly with all the phenomena of the communication 
of heat which do not depend upon conduction. I shall here- 
after make frequent use of this hypothesis." 

Again, speaking of other men's labours, he says, referi'ing 
to hoar-frost, " it has, I believe, from the time of Aristotle, been 
uniformly and according to my observations, justly considered 
as frozen dew, 1 shall therefore frequently refer hereafter to 
the experiments of the late Mr Patrick Wilson of Glasgow 
respecting it, as if they had been actually made upon that 
fluid. Indeed several of my experiments upon dew were only 
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imitations of some which had been previously made upon 
hoar-frost by that ingenioua and most worthy man." 

Dr Wells states that he first hegan to think of the phe- 
nomena of dew in the autumn of 1784, when it seemed 
probable that the formation of dew was accompanied by the 
production of cold; that in 1788 the same idea occurred to 
Mr Patrick Wilson, and in the same year to Mr Six. 

Now this is not tjuite ingenuous. Wilson's first paper, aa 
we have seen, is insetted in the "Philosophical Transactions" 
for 1780; his second paper in the " Transactions" for 1781, 
and it is his third paper, embodying the results of the former 
two, with new experiments and observations, under the date 
of 1784, which was published in the "Edinburgh Transac- 
tions" in 1788. Wells was aware of this, for Le more than 
once refers in his essay to Wilson's papers in the "Philo- 
sophical Transactions" for 1780 and 1781 ; but, in his anxiety 
to appear as the first in the field of inquiry, he post-dates 
Wilson's labours by as much as eight yeat^, and Six's five. 
Moreover, we have only Wells' assertion that he began to 
study the subject of dew in 1784, whereas we have the fruits 
of Wilson's labours in 1780 and the following year. We 
have also Wells' admission, that although the subject was 
almost constantly in his thoughts, he made no attempts to in- 
vestigate it experimentally until the autumn of 1811, when 
happening to be in the country on a calm and clear night, ha 
laid a thermometer on the grass, which was wet with dew, and 
suspended another in the air two feet above it. An hour after 
the thermometer on the grass was 8° lower than that in the 
air. Still, however, he regarded the cold as an effect of the 
dew ; and it was not till some time afterwards, on continuing 
to ponder on the subject, that it occurred to him that Wilson, 
Six, and himself, had committed an error in regarding the 
cold as the effect of the dew. Might it not be the cause' 
lids idea, which contains the gist of the whole matter, slowly 
dawned upon him: he resumed his experiments, and arrived 
at the true explanation of dew and some other phenomena, 
his observations being " mixed with facts and opinions already 
poblished by others." 

"we again we ihink that justice has not been rendered to 
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Patrick Wilson, who did Dot altogether regard the cold as the 
effect of the hoar-froat, as will be seen bj the passage quoted 
at pp. 68, 69, ante. 

The " Essay on Dew" did not pass unchallenged during 
the author's lifetime. It was noticed in the " Quarterly 
Review" for 1814 by no less a man than Dr Thomas Young. 
In this review the writer enters " a protest against the total 
novelty of the opinions which Dr Wells' laborious series of 
experiments had so amply illustrated and confirmed." He 
further states, that while Dr Wells " affords ub complete in- 
formation, not only respecting the sentiments of Ai'istotle and 
Theophrastus as to the nature and causes of dew, bnt also of 
the most distinguished philosophers of modern times ; some 
of the works, however, of the persons whom he mentions, and 
some of the latest, have most unaccountably escaped his 
attention." He then proceeds to give an account of M. Pre- 
vost's work. It is however but justice to Dr Wells to state 
that this particular essay, published in 1792, was unknown to 
him ; that in 1 813 Dr Marcet, a relative of M. Prevost, lent 
him (Di- Wells) a copy of a work by M. Prevost, published in 
1809, In which the author repeats the passages reprinted by 
Dr Young from the earlier work. 

After quoting a number of passages from Prevost's work, 
Dr Young refers to his own " Lectures," published in 1807, 
in which he states, that " when the weather has been clear, 
and a cloud passes over the place of observation, the thermo- 
meter frequently rises a degree or two, almost instantaneously; 
this has been partly explained by considering the clouds as a 
vesture, preventing the escape of the heat which is always 
radiating from the earth, and refiecting it back to the surface." 
He then goes on to state, that " it is true that the theory could 
only be completed by the application of Professor Leslie's dis- 
coveries to the circumstances of the phenomena ; but it is 
remarkable, that this very application was made, in a case 
confessedly similar, by the author of the same work which 
we have last quoted." This refers to the curious experiments 
of M. Prevost, under the date 1802-3, and he might also have 
quoted Patrick Wilson on the difi'erent cooling properties of 
sand, charcoal, &e, Dr Wells remarked in his essay, that 
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the appearaneea observed by M. Pr^yost " may be easily ac- 
counted for ;" whereupon Dr Young retorts, " had Dr Wells 
been as solicitous to attend to the labours of hia cotemporaries 
as he has been very laudably anxious to refer to those of hia 
predecessors, he might have said, not that the esperiments of 
M, Prevost might ' be easily accounted for,' from the pro- 
perties which he mentions, but that they actually had been 
explained in a similar manner by one of his own countrymen. 
There are, however, some modern philosophers, who, whether 
from their own fault or from that of their hearers and readers, 
or from both, appear to be perpetually in the predicament of 
the celebrated prophetess of antiquity, who always told truth, 
but was seldom understood, and never believed ; and the 
authorof the lectures in question has not unfrequently reminded 
us of the fruitless vaticinations of the ill-fated Cassandra." 

Dr Wells published a reply to Dr Young's strictures in the 
Fifth Volume of the "Annals of Philosophy" (1815); and 
we now proceed to make a few extracts from it. He says, 
" My explanation of the immediate cause of dew is grounded 
on the simple fact, that bodies always become colder than the 
neighbouring air be'fore they are dewed, and was consequently 
open to the discovery of every person since the invention of 
thermometers. It is true, that the next step in my theory 
could not have been taken without the assistance of the late 
discoveries of others, and this has been amply acknowledged 
in my essay. My health at the time of its being drawn up 
was in such a state, that I scarcely hoped that I should ever 
finish my work, and my notes were so written that no person 
besides myself could make use of them. I composed, there- 
fore, in haste, and had neither leisure nor strength to search 
public libraries for all the works which I wished to consult."* 

• We learn from the " Memoir of hia Life,-' dictated bj Dr Welts Id hia 
lart illDess to his friend Mr Patrick, lod prefixed lo a work entitled, " Two 
E«8Bji,"lc., published in 18L8. after tlie death oftlie nQthor,ft few particnlart 
which throw some light on the loose manner in which the Eaaay on Dew ws8 
writMD. For axample, he aajs,— " In ISOO, I was suddenly aeized with a Blight 
fit of apoplexy. From this, however, I did not recover bo far as to be enabled 
U> return to the eiereiso of mj profeEsion for Eeveral months; and I never 
Bflcrwardf refined the complete pofBeseion of mj memory. I became, Wo, 
•veb more unfit for Iha porauila of any difficult train of thought which wen 
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Dr Wella contends that Provost " was ignorant that bodies on 
the surface of the earth become much colder than the air id a 
clear night ; this being one of the principal facta on which my 
theory of dew is built." 

We must here remark, that although Preroat was ignorant 
of this important fact, it had been made sufficiently clear by 
Patrick Wilson and Six, with whose experiments Dr Wella 
was acquainted. He states, however, that when he wrote his 
Essay he had not read the explanation of Provost's experi- 
menta in Dr Young's Works. He read the fifty-first lecture 
and the sixtieth, but not the intermediate one which contained 
the explanation in question. He consulted Dr Young's work 
in a public library, and was in haste ; and as he found no re- 
ference under deiii in the index, he searched no farther. He 
admits Dr Young's conjecture as to the true explanation of 
Prevost's window experiments to be original. " It was most 
happy too, since, if admitted to be just, it completely accounted 
for several important circumstances in M. Prevost's experi- 
ments. If, then, its learned and ingenious author had established 

the production of another pereon." Hb then goes on to eay, that ho wns not, an 
far ss he coalil ascertain, If b3 equnl to the pursuits of Hia own train of thought. 

Referring to bis inquiry into cbc naturo of dciv. whieb Iw thought would not 
oocitpy him more titan a few nighty at tiie house of one of hia frieada io the 
country, he Bays, — " I uoiontenced it in the sntumn of 1812, but 60<ui found that 
I ha4 greatly miscalculated the lime which U would employ me. I determined, 
however, to proceed, from the natural eteadinees of my dispoailion, which would 
aerer allon me to abandon any pursuit that I had aeriousl; and* rtaken. I 
soon found that I waa sUogethcr unequal to it ; for eac^ night'e Ishour futigaed 
me BO mncb, that I conld not undertake a Second for eeveral days after. In 
the meantime, my anklea hegan to swell in the evening, which I regarded as a 
mark orgcfternl weakness. At length I became so inlirm, about the end of 
18)8, that I wm alffiolutety obliged togtre up any further visits to the country. 

" In the beginning of 1811 a oonsidcrable anew baring faJleo, I could not 
resist Che temptation of going for soyaral eveninga to Lincoln's Inn Fields, 
during a very severe frost, in order to repeat and extend $ome of Mr Wilson's 
eipcriment* on snow, I soon, however, was obliged to denist." His symptoms 
became so alarming, that hie friend, Dr Iiister, thought he coold nut survive 
more than a few months. He say!;, " I set about im mediately composing my 
Essay on Dew, as my papers containing the facts on which my theory was 
founded would, after my death, be altogether unintelligible to any person who 
Bhould look into them. 1 laboured in consequence for several months with the 
greatest eagernoBB and assiduity, fancying that every page I wrote was some- 
thing gained from oblivioo." 
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ita tratb by facts clearly seen by himaelf, And had afterwards 
parsned tbe subject of dew throngfa ita Tarioos ramifications 
by roeana of the clae which would hare been thus obtained, he 
mnat soon hare acquired a knowledge of the theory which has 
lately been submitted by myself to the consideration of the 
learned, and which he, as a member of that body, has pro- 
nonnced to be just. But I must, on the other hand, be per- 
mitted to say, that, if Dr Young, forgetting that Newton be- 
came a glass-grinder in tbe serTice of science, will neglect to 
employ, for the increase of natural knowledge, the slow and 
laborious method of observation and experiment, and will fre- 
quently exhibit his speculations in a manner unsoited to the 
capacities of ordinary men, he ought not to think il strange 
that opinions advanced by him on difficult points of philo- 
sophy are not, agreeably to his own remark at the end of the 
criticism, received as truths beyond doubt, and are often not 
understood." 

This is smartly said, bnt cannot, we think, be admitted as 
a sufficient answer to Dr Young's strictures. 

It will naturally be asked. What then remains for Wells t 
If all the phenomena had been observed, and even the theory 
pointed out, before he began his experiments, is there any 
merit at all to which he can justly lay claim ? We answer, 
that to Wells belongs the rare merit of seeing clearly where 
other men saw obscurely ; of grasping the whole, while other 
men only held detached parts ; of bringing the scattered and 
somewhat incoherent labours of other inquirers to bear upon 
his own experiments, which were undertaken with clearer 
views, and consequently a more direct purpose, than those of 
his predecessors ; and the final result of his long and patient 
inquiry was the establisbment of a theory of extreme beauty 
and simplicity, the truth of which subsequent inquiry has only 
tended to confirm : not that Dr Wells is to be ranked as the 
author of this theory, but that his Essay was, as Dr Whewell 
remarks,* "one of the hooks which drew most attention to 
the true doctrine, in this country at least." 

Still, however, it is but an act of justice to rescue from ob- 
livion the claims of such men as Le Roy, Piotet, Patrick 

• Biitory of tho Inductive aciences. 3d edit. vol. ii, 1857. 
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Wilson, Preyost, and others. Honour to them does not dimi- 
nish the merit due to Wells. It only restores to its proper 
course the progress of discovery, where in this, as in other 
branches of science, and indeed in other relations in life, men 
are as mutually dependent on each other for intellectual pro- 
gress as they are for the supply of their ever-recurring daily 
wants. It is not given to one man to begin, continue, and 
complete the journey into the undiscovered land unaided and 
alone; others have preceded him in the attempt, and Lave 
left the impressions of their footsteps on the virgin soil, which, 
however faint and uncertain, serve nevertheless as guides to 
Bubsetjuent explorers. 



The Theory of Terminal Fructification in the Simple Plant, 
of Ovules and Pollen, and of Spores. By Dr MacvicAB, 
Moffat." 

It is generally admitted, and indeed is obvious to every ob- 
server, that symmetry prevails to a great estent in the forma 
at once of the mineral, the vegetable, and the animal king- 
dom. Nay, it manifests itself most beautifully in the forms 
and orbits of the heavenly bodies, and in the phenomena of 
light and colours ; and in a word, symmetry, makes its appa- 
rition, more or less, everywhere. But to this, it must be con- 
fessed, that there sometimes seem at least to be remarkable 
exceptions, and that, too, where one would naturally ex- 
pect symmetry most to prevail. Of these one of the moat 
striking is this, that in a simple plant, a plant with a single 
axis, the fructification is always terminal, so that, morpLo- 
logically viewed, the fully developed plant presents its axis to 
us as terminated by the ugly root at one extremity, or pole, 
and by the beautiful inflorescence at the other — an arrange- 
ment in which all symmetry seems set at defiance. Now, 
why is this ? Why are the flower and fruit always produced 
at the upper extremity of the stem, a position which (besides 
its disregard of symmetry) can be reached only after the 
* Raid before the Botiniottl Bocioty, ]3th December 1860. 
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ASt«mnl influence. Rut it u precisely tbe ocmdition Qf^tge- 
talilo Ufa at 'liffcrent periods of growth which is wanted to be 
nxpIalnH, Life, at ever; epoch in the developmeot of the 
plant, is no dunht always co-ordinate with the work which 
It hai to do at the time, alway adeqnat« to accomplish the 
develiipmeiit proper to that epoch, if the enriroDments of the 
plant fullM their p*rt. Bal. this fact does not explain why the 
derelopment nf lhi> plant ts what it is, and not otherwise. 
Tin* imtiifficieney of »uch a view, as also its plausiljility, is, I 
tliinV, ivell nhtiwn by the point m hand. 

The lerniinal position of the fVnctification, it is said, is owing 
til the exhaustion of the vital energy of the plant, and the flower 
f«, nntwIthstAuding its beauty, the expression of exhausted 
ptierjiy. And in favour of this view it is, moreover, argued, 
with lOeming cogency, that when the branch of a frnit-tree is 
iil^jiired] or a plant made to grow in a poor soil, it gives flower 
Inidfl, whereas if it had been left free from injury, or had 
hiscn grown in a rich soil, it would have given leaf buds only. 
And tbe entire explanation is closed by an appeal to what ia 
indeed a beautiful provision in tho economy of nature, viz., 
that when the life of the individual is in danger, an effort is 
made to develop tho reproductive apparatus, so as to secure 
the life of the species, should the individual perish. Now, 
such an explanation seems to have everything in its favour. 
At fii^t sight it seems wholly satisfactory. But it is only at 
first sight. Many things soon present themselves which are 
against it. Thus in the higher regions of the animal king- 
dom, those which nre analogous to the region of flowering 
plants in (he vogotable kingdom, it is found that the repro- 

dire apparatus attaohee to the period of highest physical 
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power and earliest maturity of fonn. In (ill the more per- 
fect animals, the appearance of the reproductive organs in 
force rather anticipates the epoch of the complete develop- 
ment of the individual form than lags behind it till the close 
of life, when the vital energy is expiring, as it ia said to do 
in reference to flowering plants. And this, too, although the 
organs of reproduction in animals are of very humble proten- 
sions compared with many of their other organs, and such that 
it seems as if they might easily bo developed at any time, 
however late in life, while those of plants, on the other hand — 
their hiossoms — are so elaborate and beautiful, that they are 
jadged by every unsophisticated observer to be the most ex- 
quisite products of vegetable nature, and certainly everything 
about them points to the inference that, instead of being pro- 
ducts of an exhausted system, vegetation culminates towards 
their production, and bestows its highest energies in their 
development. It is, indeed, true that in many of the lower 
animals (as ia familiarly exhibited by the silkworm, for in- 
stance), the reproductive power does not appear until the 
individual has gone through all the phases of its existence, 
and, as may be said, has nothing else left for it to do but to 
die. But it were more cogent in this ease to say that the 
reproductive apparatus doos not make its appearance till the 
moth appears, because it is necessary that the individual 
should complete its metamorphoses, and attain its full de- 
velopment, before it is allowed to proceed to the formation of 
embryos, whose part is to develop and reproduce all these 
metamorphoses. That the appearance of the reproductive 
apparatus at the time referred to cannot be ascribed to ex- 
hausted life, is clearly proved by this, that if that apparatus 
be not allowed to discharge its function, the life of the indi- 
vidual will be indefinitely postponed — postponed till the 
ungenial influence of external agencies force it to die. In 
such cases, in fact, as in ail others of the same order, it were 
nearer the truth to say that the highest flow of life and of 
the organism is bestowed in developing the reproductive ap- 
paratus, and that in this apparatus vital energy is in a peculiar 
manner stored up, rather than to regard the development of that 
apparatus as an evidence and a product of exhansted energy. 
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Aa to the beautiful fact invoked above to sanction the 
theory of exhaustion — viz., that injury or deficient nouriah- 
ment tends, in vegetable nature, to give flower-bnda instead 
of leaf-buds — this fact, when ecientificallj interpreted, merely 
affirms that when a plant or tree is hurt or starved where it is 
now growing, so that it would be improvident to increase its 
bulk in that place, the buds, which, had the plant been in 
health, and in a rich soil, would have given indefinite 
branches, or an extension of the individual (for a leaf-bud is 
an indefinite branch-bud), are eo modified as to bring the 
branches to a close ; for such is the undoubted function of 
Jlower-buds. In other words, the formation of flower-buds 
instead of leaf -buds, in the circumstances described, only shows 
that the circumstances of injury and starvation arc met, on the 
part of the vegetable economy, by an arrest of the individual 
thus exposed to hurt and hunger. That this arrest should 
secure also the development of that apparatus by which the in- 
dividual plant may change its locality, or, as is commonly said, 
by which a future individual may be provided, and the species 
preserved, and the end of locomotion attained where the 
faculty is not bestowed by the gift of limbs, is indeed an ex- 
ample of that wisdom and goodness which underlie all nature, 
and bespeak its origin ; but that wisdom is never manifested 
in resorting to expedients to prevent worse, as we, through 
our weakness, are so often obliged to do. In Nature, all is 
manifestation of Divine law, not only in its final, hut also in 
its formal and its physical cause. Let it be granted that, to 
account for the appearance of the reproductive organs in plants 
when their life is threatened or nearly over, the final cause 
has been rightly assigned when it has been shown that, by 
this arrangement, the race is saved when the individual 
perishes, still the formal, the physical cause remains to be 
discovered. The doctrine of exhaustion will not do. 

I now proceed to give another explanation, which to me at 
least seems satisfactory, because it both accounts for the ter- 
minal inflorescence, and refers this phenomenon to a general 
law, a law of acknowledged dominion in Nature, and in fact 
the foster-mother of her whole economy, and of the entire 
life and development of the plant. I am bent on showing that 
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a terminal position in the fructification of a. Bimple plant 
exists not in contradiction but in fulfilment of that grand 
morphological law, with the statement of which this commu- 
nication opened, and which has been already admitted as 
paramount in scientific botany, I maintain, that in a plant with 
a simple axis, the fructification is the last and the uppermost 
part to appear on that axis, because the grand law of symmetry 
requires that it should be so. 

And here it is necessary for us to make some remarks upon 
the properties of natural axes and their structure; for the plant 
is an axis with its appendages ; this is its authorised definition, 
and that not in a merely geometrical, but in a physical, a dy- 
namical sense. M. Auguete St Hilaire closes the first para- 
graph of his truly philosophical "Morphologie Vegetal" with 
this remark, " Nous con^evons done, dcs le premier instant 
que le vegetal soumis a une sorte de polarite, se compose de 
deux BjHtemes, I'line descendant ou souterrain, I'autre aerien 
ou ascendant." The definition of a plant as an axis with its 
appendages, is in fact a very happy one ; for the term " axis" 
in physics is a very comprehensive one, and may be extended 
with much advantage to natural history. If it be asked, what 
is meant by axis in this large sense, it may be said that it is 
that eminent region in the individualised object, whether 
magnet, galvanic apparatus, crystal, plant, or animal, to which 
the other parts are naturally referred in morphological pro- 
jection, and of which the most highly endowed parts are the 
two ends or poles, which are always either homologous 
or antilogous in their modes of action, and sueb that the 
axis as to form may be said to be homopolar or heteropolar. 
As an illustration of the former sort, the homopolar axis, a 
crystal of common quartz may be instanced, which, when 
complete, usually consists of a six-sided prism, terminated at 
each end by a six-sided pyramid, both pyramids being similar 
to each other. And to produce such crystals, whose axes have 
poles similar and symmetrical, is obviously the end and aim 
of crystalline nature. Sometimes, however, the two poles of a 
crystal are dissimilar to each other, as in tourmaline, &c. Now 
the latter have heteropolar axes, and in reference to such it is 
well known that their poles may often be made to display powers 
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and activities which cannot be awoke in Bymmetrical cryatale. 
And of these powers and activities it is to be remarked that 
thej are complementary or consecutive to each other, that ia, 
tbej tend in the same direction, so that what moves in at one 
pole moves out at the other, what enters or is attracted by 
one pole is sent away in the same direction or repelled by the 
other. And it were easy to show that this implies that hetero- 
polar axes, if within the sphere of each other's action, cannot 
be permanent in nature. But tbey must be abundant. Thus, 
in consequence of the opposing directions of gravity acting 
from beneath, and of light and heat acting from above, while 
electi'ic currents are circulating variously on the earth's crost, 
a homopolar, a perfectly symmetrical axis, can seldom be 
reached. And when, as in the case of plante, the axis is 
slowly developed by the accretion of fluid particles under 
very dissimilar conditions of existence at the two poles, per- 
fect similarity in both poles is plainly not to be looked for. 
In order to this, a greater degree of homogeneity, both in the 
material and the environments of the axis, would be required. 
Even crystals, if they be implanted, have poles which are 
entirely dissimilar. It is only when they arc imbedded or 
suspended in a uniform medium that an identity in their 
poles is attained. This identity, however, in reference to 
every axis, we are to regard as the limit which nature aime 
at ; and every axis, as soon as it has made the nearest ap- 
proach to similarity in its two poles which is possible in the 
conditions of its existence, has completed the cycle of its 
activities. 

The mode in which this is accomplished may be con- 
ceived by taking in illustration an artificial axis with nhofte 
intimate structure we are acquainted, as for instance a sand- 
glaes, one of its ends filled with a fiuid of ono density, its 
other with a fluid of another density — sjrup and wat«r, or 
carbonic acid and common air, or the like. Thus formed 
and filled, such a piece of apparatus represents a het^o- 
polar axis, one-half or pole syrup, the other water, or one car- 
bonic acid, the other common air. But leave it to itself a 
little, t^e course of nature begins to take effect upon it ; par- 
ticles of tlie matter constituting the one polo begin to leavv 
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rthat region, and to pasa into the other poie, and so on, though 
with decreasing rapidity, until both polea are assimilated to 
each other, and the symmetry of every morsel and group of 
moleculea throughout the whole is complete. But this limit 
attained, all action ceases. In this case the material of 
which the axis consists being fluid, we obtain no inlbrmatiou 
as to the ultimate forma which both polea would otherwise 
assume. But we may yet once more repeat that the limit is 
identity in both {which, however, it might be shown, could only 
be realized when the axis was resolved into a sphere)- With 
regard to the plant-axis, its construction receives but little 
illustration from the apparatus whicb has been imagined, and 
which is indeed very rude and vague for any purpose. Though 
the plant-axis is, like it, the product of fluids which are dis- 
similar to each other, and which flow in opposite directions, yet 
tthey are not, like it, supplied in limited quantity ; they are also 
very dissimilar ; and altogether, notwithstanding the abstract 
demands of the law of symmetry, we can only expect that the 
aerial part or pole of the plant-axis, and the terrene part or 
pole, shall continue to be permanently dissimilar to each other. 
But if so, the growth and development of the plant, both up- 
wards and downwards, is secured, so far as the typical form of 
the species will permit ; for it is upon the existence and main- 
tenance of this dissimilarity that growth and development, 
I and indeed all vital action, depend. 
Let us not conclude, however, that these two parts, the terrene 
and the aerial, are more dissimilar than they really are. Let 
us see to what extent symmetry or similarity is ultimately estab- 
lished between them. In this way we shall reach the theory of 
the terminal fructification in a simple plant, and much besides. 
Taking the case, then, of a fully developed, simple, though 
typical plant, and regarding it as an organism which is ap- 
pointed to grow between the earth and the air, and by material 
supplied by both, so as to unite, as far as possible, these dis- 
similar elements on their mutual confines, * let us examine it 
I in reference to the general structure of its opposite regions, 
and their relations to each other in point of symmetry and 
• See nn article by the anthor, on "VegEtable Morphology," in tho precfd- 
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similarity, the grand end of natural development, the first 
consideration in general morphology. And let us first direct 
our attention to the terrene pole or part, and that in situ, m 
the soil where it has grown, and with which, while alive it- 
self, it 13 virtually, if not organically, connected. Here, then, 
we find a root, and in the earth around that root a supply of 
free or discrete particles of unknown atrncture, but of such a 
nature that they tend to enter the plant, to become part and 
parcel of it, and to minister to its development. The root we 
also find to be furnished with organs or parts, adapted to 
receive or suck in those discrete particles, these organs or 
parts at the same time taking the lead in forming the root, 
and therefore in fixing the plant, and in diffusing the concreted 
air-particles of which a plant mainly consists in the earth. 
These receiving, absorptive, root-t-erminating, and root-forming 
parts or organs, have been named spongioles. Some vege- 
table anatomists have treated them with high consideration 
as individualised organs on the roots ; while others have shown 
a disposition to neglect them altogether. It is certain, how- 
ever, that they ought not to be neglected, because it is on their 
presence and action that the typical plant mainly depends for 
its life and development. And though we may regard the 
spongiolea as nothing else but the advancing parts of rootlets 
immediately behind their tips, yet their cellular texture, their 
absorptive power, and their annual character and relationship 
to the leaves as their product, stamp them as a special appara- 
tus of groat interest and importance. They may, at all events, 
be described in such terms as the following: — Spongiolea are 
productions of the lower extremity of a plant, developed and 
nourished by the rootlets on which they appear — that is 
(adopting language already in use, in reference to a case 
which will be presently shown to be analogous), spongioles have 
the fibrils which they terminate as their funiculi. They are 
also cellular bodies, eminently absorptive of certain discrete 
particles, which are presented to them in the medium around, 
and that for the purpose of the further organisation, the 
future growth and development, of the plant which they ter- 
minate beneath. With regard to the form of the root, or ter- 
rene pole of the plant asia, it displays, as might be expected, 
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a very defective symmetry, partly because it is developed in 
seclusion from the light, which ib the grand symmetrising 
agent in nature, and partly because it has to form itself in a 
dense and irregularly resisting medium, through which it 
must preas onwards in those directions where it meets with 
least resistance, whether they be symmetrically related to each 
other or not. Still, with regard to the symmetry of roots, it 
has been noted by botanists that there are two principal 
classes of forms, and these (if, as is necessary when their 
forma are to be criticised, we limit their sphere by some de- 
finite periphery — as, for instance, that of a flowerpot) are 
such, that the one class is accurately described as central, 
and the other as parietal. The root in one class, in fact, 
shows a tendency to maintain its unity and form aa far as 
possible, a simple continuation of the aerial axis. It forms 
a tap-root, the radix stirpata, and is properly designated as 
central. In other species, on the other hand, the root aoon 
becomes multiple, and parts from the line of the axia as soon 
as it is underground. It tends to spread and radiate while it 
seeks downwards, and thus to line the walls of the containing 
vessel. It forms the radix multicepe, or composita, and may 
be justly conceived as parietal. 

Now, such being the termination of the terrene part of the 
plant-axis — such the structure and function of the nether pole, 
the law of symmetry calls upon us to expect that the growth 
of the upper part of the plant, the aerial pole, will culminate 
towards the development of an organism of the same order. In 
media so dissimilar, both in mechanical condition and chemical 
composition, as the earth and the air, in which the terrene and 
the aerial parts of the plant are respectively developed, we are 
not indeed to look for a mere repetition of parts similar in 
form, but we are called upon to look for deep-seated resem- 
blances between them. And accordingly, on the aerial sum- 
mit of the plant-axia, when it has attained its full develop- 
ment, what do we find but certain cellular absorptive parts or 
organs terminating that axis, nay, usually seeking downwards, 
Had ultimately destined for entering the earth, thus bent on 
imitating those on the lower end of the plant-axis which are 
in the earth already 1 Such are the ovules ! That they repeat 
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the epongioles is clear. They are developed aa the termi- 
nafciona of certain filamentary prolongations or fibrils of the 
upper extremity of the axis by which they are nourished, just 
as the spongioles are by the fibrils of the root which they ter- 
minate. Moreover, these nourishing fibrils (or placenta aad 
funiculi, as they are here designated) are already classified as 
central oT parietal, as we have found that the fibrils of roots 
might justly be. 

But what invests the ovule-papilla, when compared with the 
8p on giole -papilla, with chief interest, and invests our theory 
with importance, is the relation of both with regard to the 
function of absorption. That the ovule is no less truly an ab- 
sorptive organ than the spongiole, is clearly proved, not only 
by the way in which it is speedily clothed by integuments, 
hut by the urgency with which the pollen seeks to it and 
penetrates it. And this wonderful function, which is other- 
wise quite a mystery, our theory fully explains. 

Nor is this all. Our theory also explains why the parts of 
the inflorescence generally, and the ovule when it has accom- 
plished its function as an absorptive organ, and is matured as 
a seed, are thrown off from the parent plant. Thus, in conse- 
quence of conditions of existence which have been stated, the 
aerial and the terrene poles of the plant-axis must always be 
unlike each other. The plant-axis must be a heteropolar axis, 
and the action of the two poles antilogous, like those of a mag- 
net or a crystal of tourmaline. If one pole be generally attrac- 
tive, the other must be generally repulsive. Now, the terrene 
pole, the root, is generally attractive. The plant grows mainly 
fay the entrance into the root and the ascent of nutritious 
particles found in the surrounding soil. The corresponding 
pole, therefore, the aerial part of the plant generally, must be 
repulsive of the matter thus acquired ; it must tend to detach, 
discharge, scatter, now pollen, now petals, now foliage, now 
fruits. As to the last, inasmuch as they contain matured 
ovules, which are the representatives of the spongioles, which 
are terrene organs, producers of roots, so are they the last to 
be discharged and dissipated, which, when they are, their ovules 
seek the earth, and in due time produce roots themselves, and 
ver else follows thereafter. 
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Botanists hitherto have indeed been generally contented to 
regard the ovules merely as buda ; and, no doubt, thia is true, 
80 far as it goes. But ifc goes only a very short way to explain 
the peonliar character and functions of ovules. The fact is, 
that everything that ia capable of development maybe said to 
be a bud. Thus, a spongiole is a rootlet-hud. And if it be 
true that ovules sometimes give leaves like true buds, so alao 
do apongioles, as shown in the experiments of Dnhamel, and 
as happens sometimes in the course of nature. But the 
theory that the ovule is merely a bud is quite inadequate. 
Buds are not naked homogeneous absorptive organs, as ovules 
are. Buds are not dependent for their development on an 
organ absorbed into them from without, as ovulea are. The 
connection of buds with the parts which produce them is nor- 
mally permanent, that of ovules is normally temporary, Buda 
normally tend upwards, ovules generally downwards. As well 
may any little concretion of cellular tissue all over the plant 
be called a bud, for any such eddy of the organism may, under 
the requisite conditions, develop like a bnd. The bud theory 
of ovulea must therefore be admitted to be inadequate, 

But is the apparition of absorptive organs on the aerial pole 
of the plant-axis, is the absorptive character of ovules, merely 
a homage to the law of symmetry ? That absorptive organs 
on the terrene pole are of essential service, we have fully seen. 
And it were therefore not an unauthorised notion to affirm that 
the repetition of them on the other pole ia merely as a product 
of the law of symmetry, though they were not of any special use 
there. The philosophic naturalist must always hold himself 
ready to admit the dominion of general laws, given for the 
good and the grandeur of the whole, however seemingly useless 
or even cumbrous their products may be to an individual here 
or there. In this case, however, we are not required to do 
this homage to the supremacy of law. We are invited, on the 
other hand, to observe one of those beautiful adaptations of 
structure and transformations of function appointed to meet 
changes in the conditions of existence, to which the exuberant 
variety of nature ia owing. 

The law of symmetry, the principle of repetition, reproduc- 
tion, rejuvenescence, has been carried farther than merely to 
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give atsorptive papillie above ground terminatiDg placentte 
aoil fuuiculi, to represent the absorptive papillm terraJDating 
rootlets ; and in being carried farther, it has rendered organa 
which would otherwise have been merely homologous, emi- 
nently .useful also. 

Thug we found that the very first condition of the existence 
and development of the typical plant is, that there should be 
supplied in the surrounding medium, the earth, aud he brought 
into contact with the absorptive organs of the root, certain 
minute discrete particles, indiscernible from the dust among 
which they are mingled, but of such a nature, that they offer 
themselves to the spongioles for absorption, and being ab- 
sorbed, minister to the existence of the individual plant which 
absorbs them ; so that, if the earth were transparent as the 
air is, while those nutritive particles were opaque, what we 
should see around the root of a growing plant would be a mist, 
a cloud, a maze, a dance (if the medium admitted of their free 
motion), of little particles of a peculiar aud to the exisling 
plant of a most serviceable kind. Now, nothing short of a 
very wonderful repetition of this environment of the root, 
the terrene pole of the plant, this environment which imparts 
to the plant its standing in nature, and indeed secures to it its 
name of plant, the law of symmetry enables the aerial pole of 
the plant-axis to accomplish likewise, and thereby to provide 
for the existence of a future plant. As the plant begins its 
life in the dust of the earth, and has for its first and lowest 
function to absorb and take it in, so has it for its last and 
highest function to form dust, and to give it off into the air. 
The poles of the plant-axis being heterologous, the motions be- 
longing to them must be consecutive : if the one take in, the 
other must give ofi*. In wheat-fields at sunrise, in genial 
climates, the ears when in flower are wrapt in a stratum of 
dust to which they themselves give birth. A shower of rain 
falling through a pine forest in flower brings down with it a 
ahower of dust, which afterwards lies ou the ground like 
flowers of sulphur. Let a branch, when in flower, of the com- 
lon yew or savin be shaken, it is forthwith wholly wrapt in a 
Aud of seeming smoke. The white of the lily is soiled by 
urcd dust which the flower itself produces — so abundant 
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is the quantity of discrete particles which the plant, as its ulti- 
mate function, produces and gives off into the ambient medium. 
If then the earth were as transparent as the air, and the nu- 
tritions particles around the roots of plants as opaque as pollen, 
what we should see around the poles of the plant-axis, both 
terrene and aerial, when that plant-axia is fully developed, 
would be a system of discrete particles offering themselves 
at both extremes for absorption to the absorptive organs, by 
which both poles of the plant^axis are terminated. The law 
of symmetry is not, like the botanist, content with the plant in 
a herbarium. It looks upon it in situ, and as a part of nature. 
It does not exhaust itself in producing ovules in the flower to 
represent spongioles in the root. It recognises the nutritive 
particles around the root as already belonging to the plant ; 
and, as a representation and repetition of these particles, it calls 
for the pollen around the ovules. Or, stating its function more 
generally, it recognises the fact, that the matter in most im- 
mediate relation with the plant at its lowest part is in a dis- 
crete or disintegrated state, and it makes it to be the function 
of the highest part of the plant, in like manner, to produce dis- 
crete particles also. 

Hence, also, the reason why the parts in most immediate 
connection with the dust-producing receptacles of the plant, 
the filaments terminated by the anthers, are usually filamen- 
tary in form. Both the 61ament3 and the funiculi repeat and 
represent branchlcts and rootlets. 

But if this be the true morphology of the ovules and the 
pollen, if they he the product of a morphological law which 
has been affirmed to be co-extensive with the cosmos itself, 
and, under God, the cosmotectonic law, ought not similar phe- 
nomena to be found in a wider sphere than that of flowering 
plants merely 1 ought not traces at least of analogous facts to 
be found throughout the whole vegetable kingdom ! The legi- 
timacy of this question cannot be denied; and reason looks 
for an answer in the affirmative. Nor do we look in vain. We 
find, in fact, that the production of discrete particles, particles 
possessing a distinct individuality, is a function, and that the 
last and highest, of all the vegetable tribes which constitute 
the vegetable kingdom. Only, as these tribes become more 
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simple ia their organisation and are more itniierfeotlj devel- 
oped, we find, as we should expect, that the two, pollen and 
ovules, are represented by one sort of discrete particles, pos- 
seasing in itself more or less the virtue of both. Nay, we find 
that such particles are produced in such quantities, even very 
low down in the vegetable scale, aa atill to render the term dust 
applicable to them. Thus, let a bed of mould-plant, for iu- 
Btance, the growlh of a few days on the surface of a saucer 
of stale paste, be agitated, and forthwith, like the yew-tree of 
a thousand years, it is wrapt in a cloud of dust formed by 
itself, and that as its highest vital function. And, not to re- 
fer to the puff-ball and other fungi, look to the unchanging 
lichen, which seems the accomplice of the rock it grows upon. 
Its stony crust is covered with dust; and with duat also its 
apothecia are well stored. That similar dust is also produced 
abundantly in special receptacles by ferns and mosses, is too 
well known to require to be stated. And, in fine, all the 
simple growths of water also, all alga?, produce discrete par- 
ticles, spores and sporangia, in abundance. Sometimes, in- 
deed, they consist of them almost entirely. 

But here it may be said, with seeming cogency, that our ar- 
gument goes too far. With regard to the lichen-crust, or the 
moss-tuft growing on the arid rock, or the green stratum 
covering the wet atone, it may be said that there are no dis- 
crete nutritious particles, no mould among their roots, which 
the dust they produce can repeat and represent. Now, let 
that be granted. The difficulty only evolves the riches of the 
law of symmetry, and presents to us a new beauty in the 
economy of nature. It leads us to regard these rock-plants 
as rooted in the air, which, inasmuch as it consists, as well 
as the earth, of discrete particles, some of them nutritious, 
calls for discrete particles as a product of those parts of air- 
plants in most immediate relations with their other pole, that 
ia, those parts by which they adhere to the rock and hold their 
place in nature. Accordingly, it is to be expected that, by 
invoking the aid of the weather, these plants too shall develop 
discrete particles in the rock around them, that is, they shall 
disintegrate the rock they grow upon and produce soil, so that, 
instead of contradicting the law of assimilation and symmetry. 
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and in virtue of the inverted position, aa it were, in which they 
grow, they should beautifully provide a bed in which plants of 
a higher order may grow — plants which are more efficient than 
they for restoring the purity of the atmosphere, while at the 
same time they afford more sustenance to the animals which 
impair that purity. Now, that lichens and mosses do accomplish 
a disintegrating effect upon rocks, and produce soil fit for the 
growth of better plants, has long been well known, and the 
beneficent efi'ectB of such disintegration in the economy of the 
world has often been pointed out. But, hitherto, in attempt- 
ing to account for it, no more has been possible than to regard 
it as a felicitous accident in nature, or as a special benevolent 
institution of the Creator standing by itself, and wrought out 
otherwise than by law, and therefore, though expressive of the 
Divine goodness, yet silent as to His wisdom. For wisdom 
demands that everything which is to be done permanently 
as part in a system or economy, should be done by law, or 
according to law. There are some minds indeed who, aa soon 
as they are brought to sec that anything comes to pass ac- 
cording to law, forget, or even exclude, the idea of benevo- 
lent design, while yet the fact plainly proclaims benevolence 
as loudly as ever; for it is itself unchanged in its effects, and 
is assuredly as good as ever. When referred to law, they sup- 
pose the phenomenon to be adequately accounted for. This 
done, they care for nothing more, and they will often hear of 
nothing more. But benevolence manifesting itself in law — 
goodness operating by law — is plainly the highest and best, 
the most trustworthy and divine, of all conceivable modes of 
benevolence. And when wo have a general law, which in its 
abstract statement is purely a law of form or development of 
stability or periodicity, without any reference to sensibility in 
it at all, and which is in fact perfectly inexorable, yet which 
is at the same time such, that wherever it rules it proclaims 
and establishes order and beauty, utility and enjoyment, we 
have in such a law all that we can conceive as most excellent 
and most suitable to the Divine procedure in creation. We 
see Supreme Intelligence, by one all-embracing glance followed 
by one act of volition, concerting by one thought thousands 
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upon thousands of benevolent designs, and by one toucb pro- 
viding for tbe realisation of them all. 

But to return to the pollen and the ovules of flowering plants, 
which led ua to thia pleasing digression, it follows from our 
theory, that when viewed simply aa a production of vegetable 
nature, pollen, as well as ovules, belong to the same general 
category as the spores of the cryptogamia ; and both are, as it 
were, at once defective and over-developed one-sided apores- 
And hence we aro led to expect that pollen ia an organism, each 
that, when deposited in an appropriate medium, it is capable of 
some sort of development. Nor does nature disappoint that 
expectation. It is now well known that the pollen, when placed 
in its appropriate bed, that is, on the stigma of the flower, and 
sometimes while still in its own lodge, or on the nectary or its 
neighbourhood, speedily enlarges and gives issue to a fungoid 
filament, which, when in a normal position, descends till it 
enters the mlcropyle of the ovule, and is received into its 
nucleus. "Whether the pollen, considered as an independent 
organism, be capable of forming spores, which shall, in tbeir 
turn, develop in the proper conditions of existence into fungi, ia 
a question of a specific nature, which can only be determined 
by observation. And it certainly is worth inquiry, whether 
in this way many fungoid bodies, attaching to vegetable nature, 
and rising out of it, may not be accounted for 1 

It is certain, however, that while the pollen partakes so far 
of the nature of a spore, it differs essentially from it. It is 
only in reference to the external parts that a similarity can he 
maintained. The contents of pollen grains and spores are ma- 
terially different. And in the pollen, besides those globules of 
oil and grains of starch which are to be found, our theory leads 
U3 to believe in at least one element in each grain, which shall 
resume or represent, or, according to tbe conception of Leib- 
nitz, mirror, the aerial pole of the plant, the leaves and flower 
that produced it, with power, when supplied with adequate 
nutrition and the other conditions of growth, to develop into 
and to reproduce those leaves that flower. In the ovule, 
similarly, our theory leads us to believe, that as it is the 
last product of the root and axial part of the plant, so will 
^here be produced in the ovule at least one individualized body 
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mirroring the root and axis, and tending under growth to 
develop into root and axia. And thus our theory identifies 
itself so far with the current doctrine of sperm-cell and germ- 
cell ; but with this further specification, that it regards the 
sperm-cell as the depository of the aerial organs of the plant, 
the germ-eell as that of the terrene organs and asia, yet with 
that interchange and harmony of features which must arise 
from an unification of both, and from their mutual influence 
upon each other, and all over ; for inasmuch as those two ele- 
ments from pollen and ovule are dissimilar and minute, and 
most probably purely molecular, they must, when they meet in 
the same field, unite together under the grand constitutive law 
of molecular action, and constitute a third body with new pro- 
perties. Still, though thus united, they must, like every binary 
combination of dissimilar elements, form an axia whose poles 
are dissimilar. The axia must therefore possess active polarity, 
each pole aiming at the assimilation of the other to itself as 
best it can. And therefore, so long as such assimilation is post- 
poned, growth and development will be insisted upon, provided 
nourishment be supplied. But such an axis as we have 
thus reached, consisting of two parts, one representing the 
aerial, and the other the terrene part of a plant, bent upon 
growth and development, and each influencing the other bo as 
to maintain specific unity and individuality, answers to the 
conception of an embryo. How often our united elements, 
our elementary axia, may have to repeat itself, and how much 
to grow, before it become visible, even as germ-cell in unison 
with sperm-cell, not to speak of radicle, plumule, or cotyledon, 
I am altogether unable to conjecture. Animalcules, if they 
have good eyea, and their distance of distinct vision be lesa 
than ours in proportion as their size ia less, may possibly see 
an embryo in its first elements ; but Co us, with all possible 
aid from every possible microscope, it must remain for ever 
" longe invisibilia." 

And here we may remark, ere we close, that our morpholo- 
gical doctrine explains the institution of aes. Thus, aupposing 
the higher order of organisms to throw off, as their most highly 
elaborated or reproductive forms, nothing but perfect celia of 
the same kind, either all sperm-cells or all germ-cells, or any 
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other kind of cells, if they were all perfect and similar to each 
other, in that case, no development could ensue. For all nor- 
mal development ia everioore a movement from a lower to a 
higher order of form, while a perfect cell or hollow sphere, homo- 
geneous everywhere, is already in possession of the most per- 
fect form. It has attained the form of repose. No normal de- 
velopment of it is possible. A form may, indeed, be truly sphe- 
rical externally, and yet be capable of development, provided it 
have a living interior, in which there are eyes or eddies, or con- 
tents of any kind, which are not themselves cells complete all 
round, and concentric with the outer cell ; and such I conceive 
to be the structure of spores, &c. But before perfect cells, de- 
signed to represent and reproduce a compound organism, can 
be enabled really to do so, they must be clahorated and thrown 
o£F by that organism in sots, amounting at least to a. couple, the 
two members of which are in some important features dissimilar 
to each other. Given such cells in couples, and presented to 
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each other so that they may unite (and being diss 
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yet nearly related, they cannot but tend to unite), and then 
food being supplied, there may he development similar a 
equal to that of the parent or parents. 



An Account of the Earthquake Shoch in Cornwall on the 
13th January 1860. By Richard Edmonds.* ry-^. 

Within a period of less than seven months ending with the 
day above mentioned, this county has been visited with four 
considerable earthquake shocks, each more alarming than its 
predecessor, and the last as smart as any recorded here. The 
first two were not felt on dry land, but occasioned estraordi- 
nary agitations of the sea, which I very fully described at the 
last meeting of this Society, in a paper printed in the " Edin- 
burgh New Philosophical Journal" for July last ; since which 
I have seen Mr Mallet's fourth Report on the Facts and Theory 
of Earthquake Phenomena in the " British Association Heport" 
for 1858. In bis first Report be ascribed such agitations of 
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the aea, when unaccompanied with known earthqnakes, to Bub- 
marine landslips. In a paper read before this Society in 
1855, I showed that such an explanation waa incapable of 
being reconciled with the facta. In hia fourth Report, although 
he still imagines a submarine landslip to be "a vera causa," 
he aska, " is it the cause of any of these phenomena V 1 do 
not Bee how it can be even a cause of any of those crestless 
tide-like currents which characterise these agitations, and 
which occupy generally from five to ten minutes in each efflux, 
and the same length of time in each influx. 

Since these extraordinary agitations of the sea on the 25th 
of June and the 4th of October 1859, on the south-western 
coasts of England, an earthquake shock on dry land was felt 
in most parts of Cornwall, including Penzance and Ludgvan, 
on Friday the 2l8t of October 1859, at 6'45 p.m., the weather 
throughout the island having on that day become suddenly 
very cold and boisterous, with furious hail-storma- A similar 
and an equally sudden aud remarkable change of weather 
throaghout Great Britain commenced on the 14 th of Decem- 
ber following, when a whirlwind of unusual character visited 
the neighbourhood of Penzance, and was succeeded on the 
following day by an earthquake shock in Yorkshire. An 
account of these phenomena I communicated to the Eoyal In- 
stitution of Cornwall, which waa printed in the "Edinburgh 
New Philosophical Journal" for October last. 

On the 13th of January 1860 (one lunation after the whirl- 
wind), an earthquake shock as smart as any here on record 
was felt at lO'SO p.m. (local time), through nearly the whole 
of Cornwall from the Land's End to Callington, and from the 
Lizard and Mevagiasy to Newquay and Wadebridge ; and 
although its extent scarcely exceeded that of 21st of October 
1859, the persons who felt it were probably twenty times aa 
many. Like that shock, too, it was followed by another about 
an hour afterwards ; in the former case at Truro, in the lat- 
ter at Liskeard. These second shocks may serve to show why 
each of the two agitations of the sea above referred to was 
occasionally renewed before the disturbance wholly subsided. 

Mr Samuel Higgs, the assistant-secretary of this Society, 
three days after the shock, addressed a printed circular to 
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most of the mine agents in Cornwall, requesting to be informed 
(amongst other things) whether any persons under ground at 
the time felt " any trembling or movement of the ground, or 
heard any particular noise ;" and if ho, " the direction it came 
from;" and from the replies he received, I hoped he would 
himself have drawn up a report for this meeting, But as he 
preferred handing over the letters to me for that purpose, I 
will here quote all that is important in them. The facta un- 
connected with mines are derived from the newspapers, when 
no other source of information is mentioned. 

In the Land's End district, the only places where the shock 
was felt, or the noise heard underground, are in the neigh- 
bourhood of St Ivea. At St Ives Consols Mine, " one of 
our agents, sitting in the account-house, heard a noise like a 
heavy train passing, and saw a tumbler of water on the table 
in agitation, and two of our men underground, 130 fathoms 
from surface, heard a rumbling noise, and experienced a trem- 
bling sensation, and some of the shipping afloat felt as if they 
were going aground." At the Providence Mines, in the adjoin- 
ing parish of Lelant, there was heard at the seventy-five 
fathom level (which is nearly 125 fathoms from the surface) 
" a noise as though a kibble (an iron bucket) had fallen 
into a abaft, or a stull (a wooden platform) had given way, 
but no motion was felt in the rock. In none of the other 
mines of the Land's End district was any shock felt, or sound, 
heard, by persons underground ; whereas on the surface, in 
almost every locality, both the shock and the sound were ob- 
served, and in some places the shook was very alarming. 
At Spearne Moor Mine, in St Just, the account-house "shook 
so as to cause the things on the mantelpiece to tingle" — 
" the account-house stands on the hack of the lode on which 
the mine is worked." "At Balleswiddon, the sound came 
from the south of east, and passed away to the north of west." 
" At Ding Dong they heard a noise and felt a slight vibration. 
The weather was thick and hazy, with very little wind." At St 
Ives some felt their beds to rock, and the night was very dark. 
At Hayle, a great many persons who heard the sound con- 
cluded that a special railway train had passed at that unnsual 
hour, and a gatekeeper jumped out of bed supposing that the gate 
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liad been dashed to pieces by some unexpected railway engine. 
The stoker on board H. M. ship " Eanu," a flat-bottomed 
steamer then aground on the pier of Penzance, informed me 
that being below deck, he felt the ship to shake for six or eight 
nds, as does a house when a heavy carriage is rolling by 
it over a paved road ; and at the same time he heard the chain- 
cables by which she was secured at her bows, making a noise 
as if they had been dashed up and down on the rocks, on 
which they were partly lying, In several houses in Penzance 
glasses struck against each other, and in one house the floor 
vibrated so much, that its occupant in terror caught at some 
support. The chief officer of the coast-guard, in his letter 
printed in the following " Cornish Telegraph," says, that at 
Mousehole the shock appeared to travel from S. to N., and was 
felt throughout the town. Those in bed felt as if on hoard a 
steamer in a heavy sea. The toilet table at which his daugh- 
ter was standing, appeared as if a person had taken it by one 
end and shaken it violently, and the various things on it posi- 
tively appeared to dance. She was much alarmed, but could 
not move, as the floor appeared to rise and fall under her feet. 
The sea was greatly agitated, and directly afterwards was a 
heavy squall of wind and rain. The shock was particularly 
violent at St Michael's Mount, where plaster fell frora some 
of the houses, and at Trengwainton, where earthenware was 
thrown down ; at the former place the granite protrudes 
through the slate ; at the latter, the granite again appears on 
the surface. In the Scilly Isles no shock was felt, nor sound 
heard. 

Eastward of the Land's End district, and through the 
greatest part of Cornwall, the tremor and the noise were also 
very considerable. In Carrick Eoad, in Falmouth Harbour, 
"the master of a barque at anchor was so alarmed by the 
sudden sharp movement of his vessel, that he jumped out of 
his aleeping berth to ascertain the cause. The noise was 
heard generally through Falmouth, and was like that produced 
by some heavily laden vehicle, with more or less intensity of 
vibration of windows, china and glass. Some felt their beds 
rock; and one person describes the efi^ect as that of an explo- 
sion,, an undulating motion being distinctly felt on the ground- 
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floor ; and the door of an oven, ■wliich had been left open, being 
heard to swing to and fro, closing with a sharp noise." At 
Penryn and Helston the shoct was abo very alarming. At 
Ponsanooth some plaster was thrown down from a wall. At 
Dolcoath Mine the tremor was preceded and followed by a 
rumbling noise, and miners there heard the sonnd 260 fathoms 
beneath the surface. At North Wheal Crofty, " the men, at 
170 fathoms from the surface, heard an unusual rumbling 
noise." At Redruth ifc waa felt underground at various depths, 
from 10 to 190 fathoms, and appeared to proceed from S.E. by 
E,, and to be moving towards the opposite points ; many there, 
and at Mount Hawk, in St Agnes, " were bo much alarmed, 
as to leave their beds in a state of bewilderment." In the 
United Mines, Gwennap, it was felt at the 208 fathoms level. 
It was also felt underground at Polberro Mine, near Par. 
But in most of the minea of Cornwall it was felt on the sur- 
face. At Great Busy, Chacewater, says the agent, " I heard 
a rumbling noise, which I thought to be the night^agent draw- 
ing some of the furniture on the wood floor of the captain's 
changing-room. Tn two seconds I felt the counting-honae 
vibrate for ten seconds ; after that, I thought one of the 
boilers had burst, but on looking to the engines I found all 
right ; consequently, I supposed it to be the shock of an earth- 
quake, or some awful crash below ground. At the western 
engine, one of the agents on the boiler top thought some- 
thing was wrong with the boilers ; my attention was called to 
them, and I found all was right. About thirty minutes after- 
wards several of the people from that district came to the 
engine-house, with every expectation of an explosion having 
occurred, each expecting something fatal, as the furniture had 
a most dreadful shake. It appeared to us the sound and 
shaking came from the west, and lasted ten or twelve seconds." 
At Truro, it commenced with a loud rumbling noise, like that 
of a heavy waggon over rough pavement ; this lasted two or 
three seconds, and was followed by a loud dull thnmp or shock, 
like a burst of deadened thunder, causing houses to shake and 
glasses, &e., to dance and jingle in a startling manner; many 1 
in bed were so alarmed as to jump out. At St Dennis, "the J 
^B chairs, the table (with a supper party around it), the plates J 
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and dialies on tlie dresser trembled, and the bella tinkled, — 
the watch-dog began to howl, — the sound died away gradually 
as it came, — the night was dark, with frequent smart showers, — 
wind from W.S.W., blowing at times in strong and fitful 
gusts. At Bodmin, a peraon sprang out of bed, supposing that 
the back wall of his house had fallen, and some miners in a 
neighbouring mine thought the mine waa crushing together. 

The agent of Trelawny Mine, in Menheniot, near Liskeard, 
states in reply to Mr Higgs, that nothing unusual was noticed 
by the miners underground, but in Liskeard and its neighbour- 
hood the shock waa very smart. His wife, as she lay in bed, 
heard an awful rumble, and the bedroom furniture at once 
partook of the oscillatory motion. One of the miners says he 
was literally turned from his side over on his face, as he lay 
in bed. Two others, returning from work, on hearing the noise, 
thought it proceeded from a railway train. In the village of 
Factory two or three pieces of earthenware fell from a dreaser. 
A woman living close to the mine, being then in bed, thought 
some one under it was shaking it violently. The shock was 
felt also in Callington, eight milea east of Liskeard, and near 
the eastern boundary of Cornwall. The same letter states, 
that, about an hour after this shock, a second shock was felt in 
the writer's house by his brother, whilst sitting reading. 

The barometer on the day of the shock was 30-210 at Pen- 
zance, and 30-187 at Kew, being in each case higher than for 
two days before, and two days after. The thermometer that 
night was 32'2 at Kew, and lower than for some days before, 
and three days after ; whilst at Penzance it waa 48-5, and 
higher than for twelve days before and a hundred days after. 

I am not aware that any extraordinary agitation of the sea 
accompanied either of the shocks above described ; and if it be 
asked why, when a shock is felt along an extensive line of sea- 
coast, it ia not generally accompanied with an extraordinary 
agitation of the sea on such coast, it might be replied, that such 
agitations of the sea arc usually occasioned by vertical sub- 
marine earth-shocks, whilst shocks felt on dry land are gene- 
rally horizontal, or nearly so. 
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On a New Palceo^oio Oroup of Echmodfrmata. By Profesaor 
Wyvillb Thomson, LL.D., F.R S.E., F.G.S., &o. (Plates 
III. and rv.) 

Edward Forbes pointed out many years ago, the singular 
analogy which exiata between the general laws regulating tbe 
distribution of living beings in space and in time. In the 
older tertiariea, moat of the species are "representative" of 
living forms, not identical with them. In the Mezozoic forma- 
tions, all the speciee, with the exception of some microscopic 
forma, are extinct, and most of the genera, and many even of 
the families and orders, are "representative." In the Palse- 
ozoic fosBiliferoua beds, those remote islands in the aea of 
time, examples of living genera arc so exceptional, that we 
look with suspicion at more external resemblances, and sus- 
pect that there may have been differencea in the soft parts of 
the Palseozoic Trochi, Chemnitzise, Aviculte, &c., which may 
have alienated them from their modern congeners. Through- 
out the whole geological aeries the classes remain permanent ; 
hut we need only recall the Palaeozoic Trilobites and Eurypteri, 
Gystideans, Blastoida, and Palffichini, Graptolitea and rugose 
Corals, to he aware that the families and orders diverge far 
and widely from those of modern times. So widely do they 
differ, as to render it highly probable that a Palaeozoic group, 
however closely it may resemble a recent one in general fea- 
tures, may be found, on closer examination, to present distinc- 
tive characters, sufficiently salient to necessitate ita separation 
from its modern representative group. In palEeontological 
research, we are little inclined to follow this somewhat trite 
observation to its logical conclusion. When we meet with 
an untnown group, even among the Silurians, it is only as a 
last resource that we admit the possibility of ita belonging to 
a representative family. To attempt, in the first place, by 
every legitimate means, to force a new fossil group into aome 
known recent order, may probably be the course most likely 
to lead to a thorough sifting and appreciation of its distinctive 
characters; but should this method fail, I think we may con- 
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aider ourselves at liberty to cast about for a hiatus in the 
known zoological scale, which it may help to fill. 

In the "Annals andMagazineof NaturalHistory" for Novem- 
ber 1857, Mr Salter briefly described a remarkable series of 
star-fishes, chiefly from the Lower Ludlow flags of Leintwar- 
dine. Some of these in external appearance closely approached 
the recent Asteriadre ; while others, in form and habit, seemed 
almost the counterpart of the modern brittle -a tars. A subse- 
quent examination of a more extensive and more perfect series 
of specimens appears to indicate the propriety of grouping all 
the described Silurian star-fishes, with the exception of the 
genus Palseodiscus (Salter), into one, or perhaps into two dis- 
tinct families, allied to the Asterids, but differing in essential 
characters from all known recent forms. 

Afew months ago I detected in a large series of I-cintwardino 
fossils, chiefly star-fishes, which 1 had procured through Mr 
Meredith, a most intelligent local collector, several forms 
which, at a first glance, one would have placed without hesi- 
tation among the Echinidte; spherical bodies, with distinct 
ambulacra stretching from pole to pole, and a strong "'lantern" 
of conical jaws. The whole group of Lower Ludlow Echino- 
denos is certainly singularly representative of modern forms. 
A drawer of the soft shaly flags, with Palaaaster, Protaster, and 
Echinocystites, might almost pass for one of a Post- Pleistocene 
hardened clay, with impressions of ITraater, Ophiocoma, and 
Echinus. As in the case of the star -fishes, however, this close 
analogy between Echinocystites and Echinus, is more apparent 
than real. I shall point out in the sequel some important 
characters in this singular form, which have led me to the 
belief that it holds the same intermediate position in the 
zoological scale which it occupies in geological sequence, be- 
tween the Sphaeronites and Diploporitidte of the Caradoc and 
Llandovery beds and the carboniferous Paltechinidte. The 
state of preservation of the specimens hitherto procured is by 
means satisfactory. They are mere impreaaions; usually 
on soft friable ahale ; sometimes on a harder ferruginous flag. 
Many obscurities may be cleared up hereafter by the discovery 
of more perfect specimens in a better matrix. 
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Echinoct/atitea (N". G.) 
The body is spherical or oval. The peFiaom seems to have 
been coriaceoua. The specimena are not broken or cmshed, 
but squeezed flat, the gentle bending of the ambulacra indi- 
cating that preasure had been applied to a flexible cyst. The 
eurface of the spheroid is divided into five wide interambula- 
cral arete, stretching from the oral to the apical pole, by five 
narrow, double, ambulacral banda. The perisom of the inter- 
ambulacral spaces is strengthened by an irregular pavement 
of small rounded plates, irregularly studded with tubercles, 
bearing short, smooth, or sometimes serrated spinea. These 
plates are thin and scale-like — so thin, that under the pres- 
Huro to which the specimens have been subjected, the round 
head of the spine has, in the best specimena, almost uniyer- 
eally broken through the plate close to the tubercle, giving rise 
to a most deceptive appearance of pairs of pores scattered over 
the whole surface. It is only by a close examination that 
one can make out the real nature of those apertures. The 
spines are of two kinds, some comparatively large, nearly half 
an inch in length, others more numerous and thickly set, and 
not half the size. The ambulacra consist of two double rows 
of irregularly wedge-shaped pore-plates, and between these 
apparently a double row of minute square plates paving a 
narrow ambulacral avenue, the central suture being indicated 
by a narrow ridge. Each pore-plate ia perforated by a pair of 
pores. I cannot make out any excavated area round the pores. 
The five ambulacra seem to unite at the apical pole; and 
though, from the friable nature of the matrix of the specimen 
which shows this best, there is some little confusion at the 
point of junction, it is evident that there is no marked api- 
cal area. The mouth, which is central with reference to 
the ambulacra, is a small pentagonal or stellate aperture, 
surrounded by dense sheaves of short spines, the tcgumentary 
plates and the ambulacral pore-plates of the corona runnmg 
close up to it. The masticatory apparatus is highly developed. 
As in Echinus, it consiats of a five-sided pyramid, entirely 
within the test, and extending to about one-third of the dia- 
meter of the animal, composed of five pairs of strong, hoi- 
w, wedge-shaped jaws. The suture between each pair — that 
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is to say, the centre of each double jaw — is ioteramhulacral. 
From the state of preservation of the specimens it ia impossi- 
ble to determine the existence of any accessory pieces- There 
is no evidence of a " torus angularig" but the inner surfaces 
of the oral, or narrow enda of thejawe, are garnished with 
strong spines, which may represent the "palece angulares" of 
the Ophiurids. There is no evidence of the true, linear, "ro- 
dent" teeth of the Echinids, nor can I detect any trace of 
auricular processes. The anal aperture is large, indicated by 
a pyramidal protuberance covered by smooth irregularly 
wedge-shaped plates, near the margin of one of the interam- 
bulacral spaces, about a third of the diameter of the body 
from the mouth. This projection seems frequently to have 
caught the nearly spherical body, and to have determined its 
position in the mud, so that the pyramid usually projects, flat- 
tened from one side. In one specimen, which has been squeezed 
vertically, its position Is shown most distinctly. The madre- 
poriform tubercle is large and distinct ; the surface is minutely 
gruialar ; it is placed in an interambulacral space, close to the 
junction of the ambulacra at the apical pole. 

Echinoeyitites pomum (n. sp.) Plate III, figs. 1-3; 
Plate IV. figs. 1-3. 
Body spherical, or slightly flattened at the poles, from two 
and a-half to three inches in diameter. The "avenue "be- 
tween the poriferous bands of the ambulacra distinct, and 
about half the width of one of the bands. Spines short and 
scattered. 

Echinocystites uva (n. sp.) Plate IV. figs, i, 5. 

Oval, about one inch in extreme length. Ambulacral 

avenues very narrow, almost so indistinct as to fuse the two 

pore-areoa Into a singlei,band. Spines numerous, and long in 

proportion to the size of the body. 

General Structure and Relations. — Edward Forbes, who, I 
believe, has taken, upon the whole, a most comprehensive and 
philosophical view of these organisms, saw no difficulty in the 
intercalation of true ambulacra between the irregularly multi- 
plied plates of a Sphseronite, and indicated this line of p 
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from the large-bodied teaselated CystideaDs and Diploporitidie 
into the carboniferous PalaBchinidie. More recent investiga- 
tions, especially the wonderful researches of Johannes Miiller 
with Huxlej's lucid comments, have greatly increased our 
store of facts ; possibly, however, somewhat premature gene- 
ralizations as to the value of distinctions between ambulaeral 
and antambulacral poles and surfaces, the distribution of such 
surfaces, &c., may have obscured to some extent the deduc- 
tions from our new facts. This is not the place for the dis- 
cussion in full of general views. I shall rather endeavour to 
escape as far as possible from their influence, and to seek a 
clue to the true zoological position of the uew forma in as 
close a comparison and analysis of their important parts as the 
state of the specimens will permit. Kchinocystites resembles 
EchinosphEBritea {^Aurantium, Wahl, &e.), and more especially 
an undeacribed species from the Llandovery beds of Ayrshire 
in its coriaceous integument, supported by small numerous . 
plates, and in having two prominent apertures occupying nearly 
the same relative positions, and fulfilling, I believe, the same 
functions as the two principal apertures in Sphseronites. It 
resembles Sphaironitespomum (His.), some species of the genus 
Caryocystites, and the other Diploporitida;, in having a system 
of double pores; differing from these, however, essentially, in 
having its double pores ranged in amhulaeral bands. It re- 
sembles Agclacrinites closely, the only very essential differ- 
ences consisting in the arrest, in the latter, of the ambulacra 
before reaching the apical pole, and the development of the 
deep pavement of plates beneath the amhulaeral canal. In 
the specimen of Agel. Buckianus (Torbes), in Jermyn Street, 
there is a rudely pentagonal stamp on the apical surface, 
which is probably the impression of the wide base of a pyra- 
mid of jaws like that of Echinoeystites, on the inside of the 
coriaceous integument. The two apertures are exactly in the 
same relative position in the two forms. 

The perigom of Echinoeystites seems to have been perfectly 
flexible, but is supported over the greater part of its surface by 
scale-like plates. These plates are numerous, and perfectly 
irregular in their arrangement in the intcrambulacral spaces. 
Towards the oral extremity they are small, and give the 
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impreBsion of being slightly imbricated, aa in Psolua. Gene- 
rally over the corona they are rounded and perfectly super- 
ficial, bearing tubercles and spines. 

The Ambulacra seem to be scarcely fully calcified. The 
pore-plates are not closely articulated; at all events, they 
are not anchylosed. The series are irregular, and the pores 
are much larger than in the Echinida, reminding one — were it 
not for their being distinctly arranged in pairs — a pair on 
each plate, — of the irregular ambulacra of some Holothuriadae. 
The ambulacra do not form grooves, hut appear to be contin- 
nona with the superficial plates of the intcrambulacral spaces, 
and to belong to the same external calcified layer of the peri- 
eom. The ambulaeral vessels were undoubtedly internal. The 
ambulacra are continued over the cone of jaws, close up to the 
mouth, a structure analogous to that in the Cidaridfe. The 
five ambulacra seem to meet at the apical pole. There is 
certainly no well-defined anal area in this position. There 
may be small plates with ovarian pores, but they are shown 
in none of my examples. 

The apertures, those at all events of which we have any 
record in the Bpecimena aa yet procured, are two in number; 
one, the mouth, whose powerful masticatory armature has 
already been described, occupies the centre of the inferior 
surface ; the other, at some little distance from the former, 
is intcrambulacral, and defended by an irregular cone of 
smooth irregular plates. This aperture I believe to be the anus, 
and I believe that it corresponds in function with the plated 
interarabulacral opening in Agelacrinites, which it closely 
resembles, and with the valve-covered pyramid, which has 
been usually considered an ovarian aperture in the true Cys- 
tideans. As the nature of this orifice is a "guestio vexata," 
1 shall state my reasons for taking this view in full. I do not 
believe it to be ovarian ; and my reasons apply likewise to the 
Cystidean pyramids. When ovarian apertures exist in the 
external shell of the Echinoderms, they seem usually to be 
merely large pores perforated each in a single plate- Their 
position is very variable. Frequently they perforate plates 
round the anus, frequently a series of special platea at the 
apical pole, and in some cases the ovarian pores surround the 
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moath. The Echinoderm ova are very amall, and in no case, 
BO far as I am aware, is there a largo Bpeeial common aperture 
for their emission. The valves of the pyramid in the Cyati- 
deans cover a large opening. In specimens in my own col- 
lection of ^chinosphcerites awantium (Gyl.) it is open, round, 
and gaping. In some forms the valves seem to be habitually 
anchylosed, in which case there is a large, round centi-al open- 
ing, as in some foreign species of Echinoencrinites, and in some 
the valves are perforated hy largo round pores. These pores 
are, I think, much more likely to be the ovarian orifices. 

I can see no probability whatever in the' opinion lately 
advocated by Mr Billings, and which has received some vagne 
support from the writings of De Koninck and others, that the 
" pyramid" in the Cystideans is the mouth, and that the aper- 
ture whence the ambulacra radiate ia simply an " ambn- 
laeral orifice." Such an idea appears to me to be contrary 
to every analogy in the class. There can be no doubt of the 
existence of distinct openings for the passage of the ambu- 
lacral nerves and vessels from the calyx of many of the 
palceozoic crinoida ; but I think we must certainly assume 
that in this, as in all other known instances, these vessels had 
their origin in an annular vessel surrounding the month. In 
the whole class the oesophageal circular canal seems to be 
the origin and centre of the ambnlacral system. It is the 
first part which makes its appearance in the embryo, and is 
BO permanent and universal that one could scarcely imagine a 
radiating ambnlacral vessel rising from any other source. 
The early origin of this important vascular centre, in this 
annular form and in this position, evidently depends upon, 
and is closely connected with, the origin of the nervous system 
in the oesophageal nerve-ring, constant in the whole inverte- 
brate series, In Gomatula and Pentacrinus, a series of ex- 
panded tegumentary plates, of the superficial system, fringe, 
and partly overlap, the calyeine arabulacral channels. These 
plates seem to bo very fully developed in Agelacrinites, so aa 
to form a nearly complete archway over the ambnlacral 
grooves. They no doubt correspond with the plates, which form 
a thick, close pavement in the vault of the older crinoids, and 
on the inner surfaces of which the grooves are channelled, in 
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which the ambulacral vessels pass to the amhulacral orifices. 
In all cases among the Echinoderms, where the external layer 
of the integument is fully calcified, there seem to be either 
one or two large evident openings, surrounded by special 
accessory plates. When there is only one, it performs the 
double function of mouth and anus ; and when there are two, 
the one from which the ambulacral grooves, where these exist, 
constantly radiate, is the mouth ; and the other, whose position 
is very variable, ia the anus. When there is no distinct anus, 
the mouth is frequently slightly eccentric — in one or two cases 
apparently extremely so ; but this eccentricity would only eause 
a slight irregularity in the length and distribution of the five 
main vascular branches. It is impossible, however, to imagine 
these vessels proceeding from a ring round the "pyramid" to 
an aperture in the centre of the vault, and thence distributing 
themselves to the arms or grooves. In Echinocystites there 
was an intestine which may now be traced by its contents ; 
therefore there must have been an anua. The anna must have 
been large and dilatable, as the intestine contains fragments 
of considerable size of brachiopodous shells, &c. In one of 
my specimens a mass of such rejectamenta, including small 
Leptense and Beyrichite, occupies the portion of the intestine 
immediately within the supposed anal orifice. There certainly 
is no room for such an aperture at the apical pole. 

The Madreporiform tubercle is very distinct — round, with 
a finely granular surface. It is placed between two of the 
ambulacra, and close to the apical pole. From observations 
on the early development of Comatula, which will shortly be 
published elsewhere, I cannot believe that there is any con- 
nection between the Madreporiform tubercle and sand-canal 
and the stem. The tubercle exists apparently in all cases 
where the function of locomotion ia actively performed through 
the ambulacral system, and may possibly assist in the rapid 
and forcible distenlion of the water-feet. In the Crinoids, 
free and fised, in which the tubercle and canal are absent or 
very obscure, locomotion and prehension are performed almost 
entirely through the ordinarymuaeular system; and the " water- 
feet " of the brachial ambulacra seem to be principally tactile 
and respiratory. It is certainly remarkable that the tubercle 
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should exist so fully developed, associated with the first ap- 
pearance of locomotive ambulacra, in a form apparently only 
a step removed from the Sphsronites with rudimentary stems, 
in which it is apparently absent. 

I believe that no one familiar with the forms of Falseozoic 
life can pass these details of structure under even a cursory 
consideration, without their suggesting to him the great Splis- 
ronitea of the underlying Caradoc and Bala beds, their rudi- 
mentary stems finally obliterated, and their calyces segmented 
by a still imperfect locomotive apparatus, which will attain 
its full development in the noble Paliechinites, Archieocida- 
rites, and Melonites, of the Carboniferous shales and lime- 
stones. Edward Forbes suggested that the Sphasronitea might 
be rudimentary forms of Echinidse. Echinocystites seems to 
afford as nearly as possible one of the missing links. The 
Sphffironitea had true crinoidal arms, — I have a new speciea 
without calycine double pores, which has them long and well 
developed, — and were Crinoids or a parallel group ; but though 
undoubtedly the brachial vessels of the Crinoids are pro- 
ceases of the ambulacra] system, I see no reason why they should 
not co-exist, at all events in a rudimentary form, with true 
calycine ambulacra. In some Cystideana they must co-ejiist 
with the calycine ambulacral branches which feed the double- 
pores of the " pectinated rhombs ; " and a group of Spbtero- 
nitea, the Diploporitidse, have double pores, in depressed arera, 
and most characteristic in form, scattered over the plates of 
the calyx, I conceive that, wherever a double pore exists, 
the organ protruded ia intended specially for the function of 
respiration. It may, as in the water-feet of the Echinidse, 
combine that of locomotion ; but the only object of the com- 
plete vascular circle, through which ciliary motion keeps 
up a perpetual current, must be the aeration of the water 
in the vessel. An organ occupying a single pore may of 
course also subserve the purposes of respiration, whether it 
be an appendage of the ambulacral system, acting directly, or 
a ccecal process of the lining membrane of the test, aerating 
the general perivisceral fluid. A special blood-system is de- 
scribed in the Echinoderms ; but undoubtedly the branchial 
appendages, and all the respiratory apparatus of the group, are 
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connected with the ainljulacral system, and 1 am not aware of 
the existence of the true respiratory double pores except in con- 
nection with branches from the water-vessels. Without a spe- 
cial vessel, the arrangement would be useless. It is very likely 
that the arms, which are tolerably well developed in the true 
Sphffironites with single caljcine pores, may have been rudi- 
mentary in the Diploporitidse. The arms of Crinoida are deve- 
loped round the mouth, in the position of the branchial tufts of 
the Holothuriadaa, with which group the Crinoids, from the very 
earliest stages of their embryonic development, present some 
very remarkable analogies. The radial plates in the Crinoids 
are not developed^ as has been imagined, from the apical pole ; 
but when the radial canals begin to sprout round the mouth, 
the first radial plates are intercalated, as it were, from above, 
between the already formed basal and first interambulacral 
series, like brackets for the support of the growing arms. 

Echinocystites seems to me to be one of the transition forma 
in the steady main line of advance of the class towards its 
apparently most condensed and characteristic development in 
Echinus. Sphseronites has lost its arms and all that remained 
to it of a stem, and the Diploporitidse have got their pores 
ranged into line to perform the new duty of locomotion. Part- 
ing with Sphseronites, the main body finally takes leave of the 
Crinoids, which thence diverge tofollow, to the death apparently, 
through the Palaeozoic, Triassic, Jurassic, and all the countless 
lost ages, their own excentric ordinal idea of frittering away 
their whole substance in a mass of tentacles and plumes. Echi- 
nocystites is not the solo representative of its group. Agela- 
crinites, which seems to have made its appearance before it, 
and which reappears among the Blastoida in the mountain 
limestone, is closely allied, although our specimens of this 
genus are as yet scarcely sufficiently numerous and complete 
to furnish the details requisite to a full analysis ; and the 
Ecbinoids of these early days seem to have had their Clype- 
astroid relatives in Mr Salter's genus Falseodiscus. It is un- 
fortunate that our materials for the illustration of this beauti- 
ful genus are still very imperfect. All the specimens in the 
College Museum in Belfast, and, I believe, all those in the 
Ludlow Museum, are impressions, in some form or other, of 
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the oral surface. One of my specimens {Plate IV, fig. 6) is a 
mould of the interior of the oral surface, and another (Plate 
IV. fig, 7) is a oast of the same aspect, — this latter, however, 
fortunately preserves some imperfect impressions of the in- 
terior of the apical perisom. A third is an impression of the 
outside of the oral surface ; and a fourth is a mould of the 
last, which has carried with it and preserved the close felting 
of minute spines. 

Palceodiacus (Salter). Plate IV. figa. 6-8. 
PalcEodisctte feroa? (Salter), the only known species- The 
body is very much compressed ; the oral surface is discoid, 
slightly arched, about an inch and a half in diameter; the 
mouth is central, small, furnished with a much depressed cone 
of five pairs of strong, double, wedge-shaped jaws, ending in 
doable, striated chisel-like teeth ; the cone is within the peri- 
som, as the ambulacral plates pass over it, close up to the mar- 
gin of the mouth. The ambulacra are five in number, slightly 
petaloid in form, contracted towards the mouth, and again nar- 
rowing at the margin. They are continued over the apical 
surface to the apical pole, but apparently not in the same peta- 
loid form. One of my specimens shows one of the ambulacra 
doubting back as a linear groove, with a row of single orifices, 
probably for the passage of locomotive suckers on either side. 
The ambulacra of the oral surface are composed of a doable 
row of linear ambulacral plates, closely ranged, and in my 
specimens, doubtless owing to their state of preservation, pre- 
senting no visible apertures, either through or between them. 
An/' avenue," following the contour of the ambulacra, runs 
along the centre, and a central ridge indicates the suture of 
the ambulacral plates. A row of linear adambulacral plates 
fringes either side of each ambulacrum, which it nearly equals 
in width. These plates seem equal in number to, and to alter- 
nate with, the ambulacral pore-plates. The rest of the inter- 
ambulacral space is filled up by a close-fitting pavement of 
smooth or finely granulated plates, irregular in number and 
form. These plates, as well as the plates of the ambulacra, 
are densely covered with a velvety pile of smooth fine spines. 
The apical integument seems to have been supported by irre- 
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gular plates. We can saj nothing, aa yet, about the apertures 
or organs. The ambulacra have already been described. There 
is an obscure indication of a madreporic tubercle on one speci- 
men near the apical junction of the ambulacra. From ita 
general resemblance, and especially from the identity in 
structure and arrangement of the oral portion of the ambu- 
lacral system, I have little doubt that Palseodiscua is a flat- 
tened form of the family of which Echinoeyatites is the type ; 
but a series of more complete specimens is necessary for the 
full elucidation of ita structure and afGnities. One Palaeodia- 
ous seems to have died adhering to a thin frond of seaweed, 
for, close to it, on the same lamina of schist, there are one or 
two circles of a small radiating polyzoon, very like a recent 
Lepralia, and round them a wide patch of the delicate chains 
of a Hippothoa, undistinguishable as internal casts from H. 
catenularia or II. Patagonica. The seaweed has not left 
even a stain upon the stone. 

We have a fragment (Plate IV. fig. 8) of apparently another 
species too indistinct for full description. It is distinguished 
by its large, regular, lozenge-shaped inter-ambulacral plates ; 
by the more distinctly petaloid form of the ambulacra ; by the 
iridth of the inter-ambulacral avenues, and by the narrow- 
ness of the pore-bearing bands. The ambulacral double-pores 
are well marked. 

Plate HI. 

mm. — Internal impressions of tbs oral snrl 



mum. — tmpreBBioD uf the internal eiirface ; 3 a, one 
B eoUrged. TbiB Bpecimen is in tbe Jermjn Street 

Plate IT. 

;iinnum. — In the Queen's Coiiege Uoseum, Belfast. 

1 of tbe outer surfaco of the teBt, enlarged to 
twice the natural size, and slightly restored, from a fragoaant in the Lud- 
low MuaeuDi. For the use of this, and of several other epecinieDa, I am in- 
debted to the kindness of Mr U. Ligbtbud; of Ludlow. 
3. A single plate and spine, much enlarged. 

. 4 and 9. £cAinacj/i[jEei una.— In the Queen's College Museum, Belfast. 
Figs. 6 and 7. Pala<idi,ca, firox (Salter).— In Queen's College Museum, Belfast. 
Fig. 8. PalaodiniM gothicia (n. sp.) — In Queen's College .Museum, BeltiiBt. 
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An Account of Two Artificial Hemispheres representing 
graphically the Distribution of Temperature and Mag- 
netism from the EartlCs Equator to the North Pole. By 
Jambs D. Forbes, D.CX., LL.D., Principal of the United 

Collegea of St Salvator and St Leonard's, St Andrews, late 
Professor of Natural Philosophy in the University of Edin. 

These representations of the Climate and Magnetism of the 
more important and accessible of the two terrestrial hemi- 
spheres, have been drawn on a plan somewhat new by Meaara 
W. and A. K, Johnston of Edinburgh, under my direction and 
Buperiotendence, They were intended for the Natural Philo- 
sophy class, aa illustrations of my lectureB. The diameter of 
the hemispheres is thirty inches. They are moimted on 
square flat hoards. 

'The advantage of delineating the climatological and mag- 
netic carves upon the surface of a sphere instead of on Mer- 
cator'a charts (aa is most usually done), is well known. In- 
deed, unless by employing two dlfl^crent projections, it is im- 
possible to form a correct idea of the totality of these com- 
plicated curves. 

Another difficulty is to represent on one surface several 
difi^erent ayatema of lines, so that they may distinctly con- 
vey to the eye the collective results for each independent 
element. With only two systems of lines this may be done 
easily enough ; but when a third ia introduced, there ia com- 
monly much confusion. The plan which has been succesB- 
fully adopted ia the following : — ■ 

On the Climatological hemisphere, the common isothermals 
from 5" to 5' centigrade, or from 9° to 9° of Fahrenheit (taken 
from M. Dove's charts), are represented by solid shadea of 
sepia, increasing in intensity with the degree of cold. By 
thia means the deepest shadow covers only an insignificant 
part of the Arctic regions. The isothermals for January and 
July respectively are represented by curves of bright bine and 
bright red, which neither interfere with one another nor with 
the brown shading. 

tha magnetical hemisphere, the sepia tinting is very 
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euitably appropriated to the increasiDg gradations of total 
magnetic intensity from 0^9 to 1-85 of Baron Humboldt's 
Unit of force, which gives, for the total intensity at Paris, 
the number 1'348. The two remaining elements of Dip and 
Declination are represented by blue and red lines respectively. 
As to the last of these elements, the position of the horizontal 
needle at any point, of the earth's surface, I have preferred 
the system of lines drawn everywhere parallel to the needle's 
direction, to the more artificial system of lines passing through 
points of equal magnetic variation or declination, according 
to the method of Halley. The former mode of graphical 
representation has the advantage of possessing a more dis- 
tinct physical significance. I have, however, added to the 
preceding three systems the curve of No Variation, which 
does not interfere with any of the others, and, being shaded 
with green and purple on the two sides, distinguishes the 
regions of easterly from those of westerly declination. 

Aa to the sources from which the previously described lines 
have been taken, the isothermals have all been derived from 
the most recent charts of M. Dove ; namely, for the lower 
latitudes, the chart accompanying his work " On the Distri- 
bution of Heat over the Surface of the Globe ;" * and for lati- 
tudes of 50" and upwards, the chart on a polar projection in- 
cluded in his '■ KlimatologiHche Beitr;ige."t I examined Mr 
Blodgett's charts of the isothermal lines of North America, 
with a view to make use of them ; but I was not satisfied that 
they could be considered strictly comparable with the charts 
of M. Dove ; and in particular, it appeared to me that a reduc- 
tion to the level of the sea had not been allowed for ; at least 
BuflBciently, if at all. 

The isodynamic Magnetic Curves, as far as latitude 60°, are 
taken from General Sabine's chart of 1856, in Johnston's 
Physical Atlas, together with the Magnetic Survey of North 
America by the same author in the Philosophical Trans- 
actions for 1846. For the extreme arctic latitudes, the 
curves have been completed partly from M. Gauss's Theoreti- 

* London, 1353. Neither tbe seals nor tho execution of this chart allowB oT 
all the preciaion nhLch migbt be deeired. 
t Berlin, IS57. 
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cal Charta, partly from the empirical Polar charts of M- Han- 
steen* and General Sabine.t The lines of dip, as far as lati- 
tude 60°, are taken, like the last, from the Physical Atlas ; 
and beyond that limit, by laying down Gauss's liaea, and 
drawing the continuation of General Sabine's lines, with a 
general regard to the forms of Gauss's curves. 

The third and most generally important of the magnetic 
co-ordinates, that of the direction of the horizontal needle, 
presented some difficulties. The charts of Duperrey (pub- 
lished at Paris in 1836), which appear to have been con- 
structed with very great care, are made the basis ; but in fill- 
ing up the spaces to which direct observations do not extend, 
it seemed desirable to combine their data with the theoretical 
lines of Gauss. The chart in Gauss and Weber's Magnetic 
Atlas, J which represents equidistant values of the function 
V 
=-, gives ua a series of lines which are known by theory to be 

everywhere perpendicular to the direction of the horizon- 
tally suspended needle. The lines of Duperrey beyond 
latitude 60° or 65" were laid down on a polar chart. The 
Gaussian curves (which ought to be perpendicular to the 
former) were laid down to the same scale on tracing-paper. 
The tracing-paper was then tentatively adjusted over Duper- 
rey's lines until an approximation, as good as could be made 
to perpendicularity, of the two sets of curves was attained, 
while, moreover, ihe pole of the direction-curves was adjusted 
Bo as very nearly to coincide with Captain Ross's observed 
position of the magnetic pole. The outstanding deviations of 
Duperrej's curves from perpendiculars to the Gaussian ovala 
was then softened by drawing lines slightly differing from 
the former, but preserving their general form. These latter 
lines were then laid down in red on the hemisphere. Perhaps, 
in this process, I have given too much weight to the theoretical 
as compared to the empirical curves in the Arctic regions. It 
is well known that Gauss's theory gives a declination in 
Siberia which differs very sensibly from observation ; much 
more, indeed, than any errors of observation could reasonably 

• Poggendorffa Annaten, 1833. t Brit. AsaiO. Eeport for 1837. 

X Leipiig, 1840. 
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occasion- The discrepancy beeomes most perceptible whea 
we come to trace the line of No Variation, which, for North 
Asia, falls in Gauss's charts somewhat to the eastward of what 
observation warrants.* I have not, however, considered 
myself entitled to displace the line of " No variation" in any 
materia! degree from the position which it occupies in the 
Russian territory, and which is founded on direct observation. 
I think it, therefore, right t^J specify that a certain amount of 
discordance exists in this region between the position of this 
line and that of the red curves of the needle's direction. 
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The Typical Character of Nature ; or, A II Nature a Divine 
Symbol. By TnOMAS A. G. Balfour, M.D, London : 
Niabet & Co. Edinburgh: John Menziea. 

This ia a work on a theme which is at all times interesting, and 
especially at the present moment, when society shows, with regard 
to the relations between the material auJ spiritual, such an ano- 
malous state of belief. Thus, there are many who repudiate 
altogether the doctrine of ideal types and of a spirit-world, and 
who refuse to admit the possibility of design, or of thought, or 
feeling, in any form, unless a nervous system is given as an ante- 
cedent. There are not a few, on the other hand, who claim for them- 
selves the name of spiritualists (but for whom that of spiritists would 
he more appropriat';), who live in the most extraordinary belief as 
to the nearness and accessibility of the spirit-world to man, and 
practise upon it in a way that is very strange. And what cer- 
tainly ia not a little curious, there are some in whom these ex- 
tremes meet, and who, while they reject the doctrine of the super- 
natural as such, yet believe in the same to a most extravagant 
extent, provided only they can succeed in eonstruing all to them- 
selves as natural. 

Norisit only popularly and among the half-witted that this con- 
tradiction exists and these extremes meet. Among men of science 
the same field has been entered, and in too many cases with a most 
unsatisfiictory result, inasmuch as many now maintain, as if it 
were a settled point in the method and logic of science, that every 
thing and every thought which will bear the name of religious, are 

* See the contrBsted churls of Gaiun and Ertnan in the Report of the Coni- 
mUlee of i'hyeicB of tbe Itoyal Soclet;, lg40. 
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ipso facto cxclude<l from science. In vain, however, do we seek 
in the writings of such authors for any proof of this. It is, on the 
contrary, nothing hetter in the writings of the beat of them than 
a mere dogma or postulate ; and for advancing it as such, assuredly 
there ia great want of an adequate sanction. To quote the antho- 
rity of Bacon on such a point, even though it went a great deal 
further than it goes, is quite out of place now-a-days. Bacon said, 
and it is notorious that for many ages previous to his time, reason, 
without the use of which science cannot esist, had been kept down, 
and the principle of authority, clothing itself in the garb of religion, 
had been constantly invoked to settle every question in science as 
well as in religion. It was therefore natural and expedient that 
Bacon should do what he could for the emancipation of science. 
But now that private judgment, even in religion, has been freely 
allowed its full swing for centuries, the case is widely different ; 
and for the advocates of the free use of reason to invoke the autho- 
rity of Bacon to establish the opinion that science and religion 
have nothing to do with each other, is a paralogism in a twofold 
point of view. When Newton says, in the general scholium at the 
end of the Frinoipia, " This most beautiful aystom of the sun, 
planets, and comets could only proceed from the counsel and 
dominion of an Intelligent and Powerful Being," he gives utter- 
ance to an inference as truly logical and as truly scientific as any 
to be found in his immortal work. If it be religious as well as 
scientific, there ia no help for it. The truth is, that the distinction 
between scientific and religious does not exist in pure thought at 
all. It is wholly conventional. The attempt has been made no 
doubt, and with much success, to show that the grounds of religion, 
in so far as reason can reach them, are intensely obscure ; and it 
has been proposed on this account to have nothing to do with 
thom. But then it has also been shown, and that with at least 
equal cogency, that the grounds of science are efjually obscure ; 
and that if mere obscurity in the grounds or subject-matter he a 
Intimate cause of declining thought, reason is excluded from 
science no less than from religion. 

The fact is, that both science and religion are nnited by reason 
in such a way that no man ought to attempt to put them asunder. 
The same train of thought, logical and continuous throughout, is 
often purely scientific in its rise, and purely religious in its close ; 
and for any man to say to it iu its course of spontaneous develop- 
ment in his mind, "Hitherto shalt thou go, and no further," to 
arrest it when sacred symbols begin to present themselves as its 
expression, is merely to do homage to a wiiless canon, than which 
there is none that is more arbitrary among the canons of Bome. 
Far from feeling bound to rest in the merely scientific, the legiti- 
mate and spontaneous course of man's free thought, when contem- 
plating and reasoning upon nature, is to find its last word, its 
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liaveii and its Balibath, in God. Let ub theu hear our author 
with acceptance when he bo eloquently Bays, "All nature jb in- 
vested with a aacreilness, when, through the material form, the 
rays of heavenly glory benignly shine. Everything on earth is 
but a faint shadow caat by the vast heavenly reality. The king- 
doms of thix world are but the miniature exhibitions, the fleeting 
shadows, of the eternal kingdom above. Every exercise of love 
on earth ib but the feeblest reilectton of the infinity involved in the 
expression, 'God is love.' Are Judicial functions exercised among 
men, and is awful juKtice dispensed with an equal hand ? Then 
here we find the transient image of the spiritual kingdom, for ■ jus- 
tice and judgment are the habitation of God's throne,' 
Does the blade appear above the earth ? immortality is brought to 
light by this gospel. Or does language express our thoughts, and 
prove the medium between the seen and the unseen 1 Then the 
Incamai« Logos arises before us, the Mediator between God and 
man. No spiritual condition can exist, however varied, but has 
its exact image reflected in nature's mirror. So innumerable, in- 
deed, are the instances of this reiirpsentative character, that we 
are forced to the conclusion that nature was intended as a typical 
dispensation," &c. 

But it may be said that in this extract, as throughout the volume 
under review, there is a recognition of miracles, respecting which, 
assuredly, it may be affirmed with new confidence that science is 
silent 

Let us see to what extent it can be said, as it ao often is, that 
the idea of miracle is excluded from pure science, and that it 
attaches not to philosophy at all, but to legend and history only. 
The argument for this view is the "uniformity of nature." But this, 
of course, is to beg the question, and to exclude miracles by hypo- 
thesis, unless by uniformity of nature be meant some law of reason 
affirming that nature must be uniform. !Now, though this baa 
been argued (and that sometimes very inconsiderately by the 
friends of miracles), yet, in point of fact, the mind's affirmation of 
the uniformity of nature is nothing mure than a particular appli- 
cation of that general law of mind whereby it universally affirms 
identity where no diflerence appears. But this is a law for thoughts. 
and not for things. And doubtless, within its own sphere, like all 
other laws, its authority is paramount and its guidance infallible ; 
for of a thought this is the characteristic, that everything that is in 
it appears ; and therefore there is no room for fallacy in affirming 
of thoughts, that they are identical where no dift'erenee appears in 
them. But with regard to things the case is very different. In 
them there may be much that does not appear ; and we have no 
logical sanction for affirming the uniformity of nature, beyond that 
strong probability which arises from a very general observation to 
that effect. Such is all the sanction contained in (he so-called 
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loductive Principle. But when it has been brought to tliiB, which 
is its true position, we are corapellod to confess, that there is a 
strong probability on the other hand, also, that the uniforniity of 
nature shall be occasionally diversified by miracle. Thus the 
general consciousness of mankind affirms that there is in the uni- 
Terse such a thing as lilierty or free power. There is in fact such 
a thing to a certain extent in man himself. But if in man or any- 
where else, then assuredly in the Almighty. If, then, creation 
is to be the symbol or manifestation of the Creator, which is the 
theme of the volume under review to maintain, we ought to have, 
and may confidently expect, not only uniformity in nature, as the 
expression of law and intelligence, but also, on fit occasions, 
miracles, as the expression of liberty and free power. Without 
miracle, in fact, creation would be defective as such. It would be 
wanting in a display of the most wonderful fact in existence, the 
most central attribute of the being of the Creator — His ever living 
power and supreme freewill. 

But perhaps the entire thesis of our author is denied ; perhaps 
it is said that creatiou is not a manifestation of the Creator, and 
that we arc not to look to the kingdom of Nature for any types 
and symbols of the kingdom of Grace at all. This is an opinion 
in which, we fear, many well-disposed people participate, and in 
consequence of so doing they look with uo hope to science as a 
revealer of God, and are even jealous of its pretensions. It is 
certain, however, that such an apprehension is groundless, such an 
opinion a mistake. If Creation be entitled to that name at all, it 
mnst be expressive of the essential attributes of the Creator. It 
forma our very conception of the relation which exists between 
cause and effect, that the effect shall be impressed by the charac- 
teristics or attributes of the cause which produced it. Whatever 
may be the facts as to details, and however successful or unsuc- 
cessful we may be in discovering the representative and symbolic 
character of nature, there can be no doubt, if nature be really a 
creation, that such representation and symholism exist. We have 
therefore to thank our author for his volume in which this thesis is 
maintained, and we cordially recommend his learned work to those 
who desire to see this view carried out, especially on the Scriptural 
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The Philosophy of Nature; a Systematic Treatise on the 
Causes and Laws of Natural Phenomena, By Henry 
8. BoASR, M.D., F.R.S. and G.S., &c., Honorary Member of 
the Royal Geological Society of Corniivall. 8vo. London : 
Longman. 

We have here one of those works of which several have appeared 
of late, which have taken their riae in the helief that esperiinentai 
science has now been carried so far, and facts nucumulated to such 
an extent, that a sjateinatie conception of the whole economy of 
nature is possible. And this volume as well as others that we 
could name have at least this in their favour, that they are the 
productions of men of very extensive knowledge of nature and 
philosophical habits of thought, and who have devoted tiieir lives 
to scientific speculation. It is now upwards of a quarter of a cen- 
tury since our author showed that such was the turn of his mind 
by the publication of a Geology of Cornwall, his native county, 
where, if we mistake not, his origiuiil design was to practise medi- 
cine at Penzance. But having brothers settled as much respected 
bankers in the flourishing town of Dundee, and seeing an opening 
for turning his chemical knowledge to account, by securing posses* 
sion of a large manutactory of that kind in tliat neighbourhood, 
he came to the north, where he has now resided for many years, 
master of his own time, and free to bestow it, as this work shows 
that he has done, in philosophic thought. And thus the reader of 
his handsome volume will find himself able to explain and to connect 
satisfactorily the designation on the title-page (Honorary Member 
of the Hoyal Geological Society of Cornwall) with the locality from 
which the preface is dated (Claverhouse, near Dundee, July 1861)), 

With regard to the characteristic of the author's system, it is 
happily laid down by the author himself in an early page ; and we 
prefer quoting his words rather than giving any digest of our own, 
especially as he presents his theory in a very cogent point of view. 
" The principle of the proposed system is that of the fimdamental 
idea of Power ; which is not to be conceived of as a mere elficieucv, 
but as a reason-directed force : a power which is a law imto itself. 
The real content of such a power is its principle of activity or force ; 
the ideal form of the same is its reason, whether intuitive or con- 
scious, according to which the force functions ; whilst the power it- 
self is the synthesis of tlie real and ideal — an indissoluble union, 
which is manifested as an essential entity or individual being. By 
abstraction, however, a power may be regarded on either one or the 
other side of its existence ; and according to the stand-point &oni 
which itis viewed, the knowledge is said to be real or ideal. Such 
is the character of a power or reus on- directed foi-ce. In nature 
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there are a great many powers, each differing from all others in the 
peculiar attribute of its force, and in the special law by which the 
operations of its force are regulated. But the grand and distin- 
guishing character of natural powers is, tiiat they ai'e always asso- 
ciated together in pairs or dualisms: there is no such thing in 
nature as a single insulated power ; such a power can only be an 
unconditioned or absolute being. On this twofold constitution of 
all natural bodies physical phenomena depend ; for it readers 
action and reaction possible, without which they could not Auction. 
And not only so, but in each dualism the powers are not only co- 
existent, but also directly opposite in their attributes ; and it is to 
this antagonism of forces that the conditioued character of nature 
must be attributed ; for the constituent powers of natural bodies 
mutually control aud limit each other's energies." (P. 10.) 

Such is the profound yet perspicuous paragraph in which the 
author first announces the general principle of his system; yet we 
must not leave it to stand by itself, otherwise the reader might be 
apt to infer that we have in our author's views only a scientific 
developmout of Spinozism on the physical side. That such an 
inference, however, would be a complete mistake, tlie following 
paragra|>h renders plain : — " Natural beings, as we have already 
stated, are dualisms of powers. We can, however, conceive of an 
irifinito and absolute power, by positing it as the negation of a 
natural conditioned power ; and by contemplating the transcendent 
wisdom manifested in the operations of finite powers, we may 
infer that such a power is omniscient as well as omnipotent. 
Thus far, by the light of nature, man may arrive at the conception 
of a Supreme power: but if he seeks to know the relation in 
which he in common with all other natural subordinate powers 
bears to the Supreme, he desires knowledge which nature cannot 
impart; he can therefore only obtain it through some super- 
natural channel. Kevelation has taught us that Absolute Being, 
the Great I Am or Deity, is such a power as we are considering ; 
a Reason-directed Force to whom all things are possible according 
to the counsel of His will, which is the perfection of wisdom 
.... And as one star differs from another in glory, so cosmical 
beings rise one above another in dignity till they culminate in man, 
whose attributes are a microcosm comprehending all others, together 
with its distinguishing mark of conscious reason. The natural 
universal is distinguished from the summum genus of ontology by 
ilB conditioned or finite character; and from the collateral branch 
of the conditioned, the angelic host, in liaving material instead of 
spiritual bodies; or, in other words, the natural and the supernatural 
are distinct branches of conditioned beings, subordinate to, but not 
forming part of, the Absolute or Supreme Being." (P. 19.) 

Our author having stated the general grounds of his system, 
proceeds to comment, though very shoitlv, uu the unsatisfactory 
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character of the German Idealiani, tlie Positivism of Comte, and the 
doctrine of the identity and convertibility of physical forces as 
advocated by Grove. It is to the last that his own views coine 
nearest ; and we cannot help thinking that it is rather a case of 
contact than of collision. Both maintain the correlation of the 
physical forces and their reciprocal dependenee ; Grove, that they 

e capable of reciprocal transmutation (and that of course under 
the universal law of action and reaction) ; our author, that they 
are co-existent and opposite, but one memlier of the dualism often 
masked or latent. There is however, it must he confessed, in 

r author's views, something singular in that he ignores inertia 
as he does. It is commonly regarded as the very characteristic of 
matter. But our author, on coming to particulars, and in answer 
to the question, What is matter ? (p. 37), says : " The whole ten- 
dency of modem science points to the probability that natural 
forces are not only the causes of phenomena, but that they are in 
truth the very phenomena themselves ; that is, that all natural 

"'es are compositions of forces." And this view, whicli he pre- 
sents in connection with the name of Boscovich as its great origi- 
nator, he advocates — laying down as his first dualism the following 
formula : 

Attraction + Kepulsion — Matter. 

He then proceeds to inquire whether there If, any pure matfer 
or merely physical substance in nature, and he decides in favour 
of the universal ether. This he also regards as the material out 

which the nmlecules of bodies are composed by apposition of 
the ethereal elements. But these molecules he places in a differ- 
ent category from pure matter, or merely physical substance, inas- 
much as they arc chemical agents also, and as such are constituted 
by a higher dualism. Above this, again, there is another dualism, 
of which organism and instinct are the prodocta ; and above that 
another still, to which intuition and volition belong; the whole 
being discussed in a very masterly manner, although we confess 
with a frequent obscurity (perhaps inevitable), which leaves the 
reader too often without any distinct conception of the phenomena 
which the author has in his mind, and which therefore forbids 
an attempt at analysis. 

His first specific dualism is more amply illustrated. And here 
we find solar repulsion, which formed the theme of such an ani- 
mated discussion at the Institute during the time of Donati^s comet, 
fully inaugurated in couples with gravitation, the dualism answer- 
able to astronomy being 

Gravity + Centrifugy = Celestial bodies or stars. 

But on his argument we cannot enter here, and must content 
ourselves with commending this work to such of our readers as 
are bestowing thought upon the prima philosophia ; yet not without 
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also cotifGssing our apprehcaaion that in sonic at least of our 
author's dualisnis there is more that is subjective than objective, 
and a product of the mind in its two grand co-ordinate phases of 
analysis and synthesis, rather than of nature. 



Species not Transmutable, nor the Result of Secondary 
Causes ; being a Critical Examination of Mr Darwin's 
Work entitled " Origin and Variation of Species." By 
C. R. Brbe, M.D., F.L.8., Physician to the Essex and 

Colchester Hospital, author of " The Birds of Europe not 
observed in the British Isles." 12mo. Groombridge and 
Sons. London, 1860. 

The subject of the origin of species has called forth many able 
and valuable publications, and has excited, of late years, a great 
deal of interest in the public mind. The early views of Lamarck 
were followed by those of the author of the Vestiges, and these 
have heen superseded by Mr Darwin's speculations. The work 
of the last-named writer is characterised by much ability, and, 
coming from a naturalist of undoubted eminence, it has attracted 
special attention. Darwin's inference is, that probably all the 
organic beings which have ever lived on this earth have descended 
from one primordial form, into which life was iirst breathed. 
This form has undergone variations during unknown millions of 
years ; and by a constant divergence, and, at the same time, corre- 
lation of growth, all the species of the present as well as of for- 
mer epochs have been developed. The species are now under- 
going transformations, as their predecessors have done, and are 
subjected to a constant struggle for life, in the course of which 
weaker and less perfect forms disappear, while the stronger and 
more highly developed continue to live. The changes produced 
depend on supposed laws of variation which have reference to 
the wellbeing of the individual. There are no creations, but 
constant transformations or transmutations ; no rapid transitions 
from one condition of organic life to another, hut a gradual and 
progressive development, which gives rise to more and more per- 
fect forms. Such are the ideas of Mr Darwin. He has brought 
some interesting facts in support of his views, and has taken a 
comprehensive grasp of nature in all its phases. He attempts to 
show that species are not fixed, but mutable ; that the formula of 
Mr Wallace is correct, that " eveiy species has come into es- 
istence coincident both in time and space vrith pre-existing 
closely allied species;" and that there are transition forms or 
gradations which connect all organic beings, and which point to 
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licreditary descent from one common stock of unknown antiquity. 
Some there are, aucli as Lyell, Hooker, Draper, and Huxley, 
wto fully support Darwin, and believe tliat tiie explanation he 
gives is the only one which satisfies the demands of the naturalist, 
and reconciles the phenomena presented by the organic world 
in all its phases, past and present. Others, such as Asa Gray 
and Pictet, adopt the theory to a certain extent, although 
they think it may be carried too far. Pictet thinks that the theory 
accords well with the great facts of comparative anatomy and 
zoology ; that it exjilains unity of composition in organisms, as 
well as rudimentary oi-gans, and the natural series of genera 
and species ; but he rejects Darwin's conclusions, and thinks that 
lie has made unsound deductions, not warranted by the facts 
adduced, Asa Gray, a sound and judicious botanist, and whom 
no one will suspect of favouring materialistic or unscriptural 
opinions, says, in the " Annals of Natural History" for Novem- 
i«r 1860, "We have contemplated quite long en(mgh the general 
presnmptJou in favour of a hypothesis of the derivation of species. 
"We cannot forget, however, while for the moment we overlook, 
the formidable difficulties which ail hypotheses of this class have 
to encounter, and the serious complications which they seem to 
involve. We feel, moreover, that Darwin's particular hypothesis 
is exposed to some special objections. It requires no small 
strength of nerve steadily to conceive, not only of the diversifica- 
tion but of the formation of the organ of an animal, through 
cumulative variation and natural selection. Think of such au 
organ as the eye, that most perfect of optical inatruraents, as so 
produced in the lower animals, and perfected in the higher! A 
friend of oura, who accepts the new doctrine, confesses that for a 
long while a cold chill came over him whenever he thought q'C 
the eye. He has at length got over that stage of the complaint, 
and is now in the furor of belief, perchance to be succeeded by the 
sweating stage, during which sundry peccant humours may ho 
eliminated fi-om the system. For ourselves, we dread the chill, 
and have some misgivings about the consequences of the reaction. 
Wo find ourselves in the singular position acknowledged by 
Pictet — that is, confronted with a theory wliich, although it can 
really explain much, seema inadequate to tlie heavy task it so 
boldly assumes, but which, nevertheless, appears better fitted than 
any other that has been broached to explain {if it be possible to 
explain) somewhat of the manner in which organised beings may 
have arisen and succeeded each other. In tliis dilemma wc take 
advantage of Mr Darwin's candid admission, that he by no means 
expects to convince old and experienced people, whose minds are 
stocked with a multitude of facts, all viewed, during a long course 
of years, from the old point of view. Tliis is nearly our cose." 
Again, there is a third set of naturalists, such as Harvey, 
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Brodie, Beale, Jardine, and Murray, who are tUorougtly opposed 
to Darwinian views ; while there are cautious naturalists, who 
have not yet committed tlicmselveB to any opinion on the matter. 

Every one must feel that, when we come to consider man, the 
difficulties are great. We have in hia case a record of Truth to 
which we can appeal ; and although there can he no douht that 
Scripture does not teach the facts of science, and that short-sighted 
man is apt to give false interpretations of what he reads there, 
still there are statements as to man's creation, and the ultimate 
destiny of the earth, which appear to he wholly irreconcilable 
with Darwin's views, carried out to their full extent. Grant that 
the statements in Genesis may be variously eipliuned, and that 
they may appear to some to ha at variance with the general views 
of geology at the present day, still there are distinct and clear 
enunciations which cannot he set aside. The Bible says that God 
"created man in his own image;" that He "formed him of the 
dust of the earth, and breathed into his nostrils the hreath of 
life, and man became a living soul ;" but the theory of Darwin, 
as we understand it, says that man was not created, but develoj^ed 
from previous organic forms, which have passed through all 
gradations, from the protozoon to the gorilla. Here is a stum- 
bling-block which we cannot easily get over; and we are certainly 
entitled to an explanation. Scientific men are not at liberty to 
ignore the statements of Scripture. They are bound to esamino 
tliem, and to show, at all events, that there is no incompatibility 
between its statements and their hypotheses. The true facts of 
science will never be found to be in opposition to the Bible ; both 
must necessarily be in perfect harmony. 

In all these theories of progressive development, the Creator 
has been made to retire from His works. He may have given 
origin to a cell or organic form millions of years ago, but He 
merely set the mechanism agoing, and left it to work out its own 
improvement according to what are called laws. What arc these 
laws, and bow are they executed ? A sovereign may make a law, 
but unless it is carried out by some one, what is the use of it? 
It has no potency in itself, and requires a living agent to give it 
elfect. Laws in nature are the expression of the Divine mind, and 
they are constantly applied and eiiecnted by the Creator himself. 
Ho law can exist witliout His unwearied superintendence and di- 
rection. It is vain to attompt to hide the Creator by talking of 
the laws of nature. These laws must be viewed as being upheld 
every moment by His all-wise and all-powerful preserving and 
governing of all His creatures and all their actions. 

Various aide articles have been written in opposition to Dar- 
win's views, by naturalists of note. These have been published 
in the Procewiings of Societies and in Scientific Journals, both in 
Britain and in America. At the same time, as has been stated 
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Mr Darwin has Bupportcre of high reputation in science. The 
present work is one of a somewhat popular character. It is 
written by a medical graduate, who haa distinguished himself by 
his ornithological writings, and who haa devoted nmcb attention 
to natural science. He takes np the various points of Mr Darwin''s 
argument, and treats tliem in an interesting, and upon the whole 
convincing manner. He examines the general bearings of the 
work, and shows its dangerous tendencies. The geological data 
receive consideration, and the absence of anything in Falieonto- 
logy to aid Darwin's views, is dwelt upon as being most damaging 
to his theories. In speaking of the supposed transmutations, Dr 
Bree says : — " There is a great deal said of such arguments as are 
to he derived from the ready belief, that a flying-fish might be con- 
verted by natriral tehclion into a bird. How the flying lemur might 
have its membranous appendage changed into the wing of a bat. 
How the eye of the eagle might have been modified and varied and 
developed from the black pigmentary spot of the crustacean; or how 
A bear, swimming about with open mouth to catch flies, might have 
been transmuted in due course into a mighty whale. But when we 
ask for proof, — for facts to argue upon, — for reasons for believing, 
— for the scientific basis of a rational induction, — alas, we get 
nothing but the doctrine of natural seleetiov, of modijication of 
farm, of divergence of character, of corrdation of growth^ or we are 
ooolly referred, with inimitable eqnanimityj to that dork unfatliom- 
able abyss, the imperfection of the geological record. That domestic 
animals of the same genus will modify, no one ever doubted. 
That climate, habit, differences in food, and careful and judicious 
erossing, will alter the races of animals, as to certain unimportant 
points of structure, is a truth which no naturalist ever denied. 
But the pigeon, reared by the fancier, is stilt a pigeon ; the short- 
homed OS and the Devon are still most unmistakably bovine ; the 
Htcer and the cart-horse still proclaim their brotherhood ; the 
greyhound and the spaniel are still dogs" (pages 8 andO). These 
are important statements. The variations produced by domesti- 
cation, &c., do not go the length of changing the true character- 
Btics of tlie type. 

' In the case of plants, numerous varieties have been produced 
by cultivation and by other causes. Some of these have, it is 
true, been erroneously exalted into species, and thus great con- 
fiision has often been produced. The following observations 
liave recently been made on the species of species- makers by Mr 
Carriere, which have been translatetl in the " Gardener's Chronicle" 
for December 8, 1860. The specific type of different beings is 
•xtensible, and these again may be variously altered. Species 
offer a certain amount of resistance to change, which once over- 
come, each iudividnal of wliich it is composed becomes far more 
Buscepti!)le of being moulded and of undergoing changes. Some 
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plants have been long cultivated without change; others 
manifest tendency to vary. In some cases these changes 
induced by simply sowing the seeds in highly cultivated soil, 
while in others thure is need of artificial fertilizing. This fertiliza- 
tion has not been effected between different species, as is too often 
supposed, but between half-hreds, i.e., between different varieties 
of the same species. All individuals thus obtained will breed to 
any extent. There has been a too ready admission of so-called 
new species. If all the pretended novelties were carefully esa- 
minod, the number of the species would be reduced by one-half or 
more, as would also the genera. This excessive multiplication 
of species is well seen in such genera as Buhua and Hieracium. 
In LinnKus'a time there were two species of brambles, Bubtis 
frutieosaSj and R. eattiiug. But of these Grenier and Godron have 
made 22 species ; Boreau has made 64, and a German bramble- 
monger called Miiller has made 238. The species of Hieracium 
have been so multiplied, that they can only be distinguished by 
the names or numbers stuck at their sides in herbaria or botanic 
gardens. If these names or numbers happen to be lost, it is in 
moat cases quite impossible to identify such species, the trifling 
characters of which can only be compared to those of the persona 
irho established them. Some idea may be formed of the con* 
fusion that at presents esists in this genus, when we recollect that 
the Hieracium murorun and gylvaticum of autliors hare naturally 
brought forth 60 new species. The true observer of nature will 
bring these varieties within the compass of the species to which 
they rightfully belong. These variations of species are limited. 
They have a certain range beyond which they do not extend. 
Cultivated varieties, when left to grow wild, return to the original 
stock whence they came. Darwin has not disproved this by his 
statements. Neither the vegetation of the present day nor that 
of bygone epochs of the world's history support his views as to 
the origin of species. He cannot produce intermediate transition 
tbrms, even with the help of countless ages of geological t'orma- 
tions. Dr Brce thinks that in every great period of geological 
history, the world has been peopled by creatures adapted to its 
physical and climatic condition, and that there is no evidence to 
show that this has not been done by distinct acts of special crea- 
tion, by Him whose wisdom our finite minds are too apt to inter- 
pret and criticise, 

The denial oi per saltum changes seems to savour much of the 
views of the scoffers mentioned by St Peter, who thought that 
all things had gone on from the beginning without catastrophes 
of any kind, and who did not believe that the present world was 
to be finally burnt up and a new earth formed. Darwin assumes 
that "no cataclysm has desolated the whole world, and that wo 
mav look with some confidence to a secure future of equally in- 
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appreciable length," in wliicli, "judging from the past, we may 
infer safely tLat not one living species will transmit its unaltered 
likeness to a distant futurity." On the dogma, natttra non fadt 
galtwia, X>r Bree makes sijmc valuable remarks ; and in pages 52 
to 61 he gires a graphic and amusing description of the appear- 
ance of various organic trihes on the earth when viewed from 
Darwin's stand-point. In this sketch he attempts to bring otit 
the fallacies of the system, and the crudeuess and untenableness 
of the theory. 

Another point on which Dr Bree dwells, is the implied im- 
perfection of organic heings as regards their functions, and the 
necessity for a gradual improvement hy their own efforts. While 
Darwin speaks of instinct and adaptation as being at first imper- 
fect, and as being gradually improved by individual selection, Dr 
Bree shows that, as regards the instincts of animals, the formation 
of the various organs, the minute structure of the body, and the 
microscopical character of the fluids — all is adjusted in a most 
perfect and complete manner, indicating creative design and not 
tncre chance variations by natural selection, as it is called. 

Dr Bree treats the subject in a clear, distinct, and popular 
manner, and brings strong arguments of his own and of others to 
bear on Mr Darwin's theory. We recommend the book to tlie 
perusal of all who take an interest in natural science. 



Geological Treatise on the District of Cleveland, in WorA 
Yorkshire; its Ferruginous Deposite, Lias, and Oolilet 
with some Observations on Ironstone Mining. Bj Josbfi 
Bewick, author of " Remarks on the Ore and Ironstone of 
Eosedale Abbe;." 8vo, pp. 194. London : Weale. Ne" 
caatle: Eeid. 1861. 

In these times of neek-and~neck competitions in con 
enterprise, and hand~to-hand conflicts for political an 
wherein the ingenuity of man is taxed to the very confin 
intellectual as well as of his physical capabilities, whetl 
attainment of individual prosperity or for the grati 
national ambition, — a question of no mean importan 
itself as to the durability of the resources at his conun 
one case, and, in the other, of their superiority both in kii 
gree over those of his antagonists. The political impo 
nation, it may be assumed, depends less upon th 
strength of her forces per se, than upon the extent of 
resources, and the arootint of fertilizing genius whic 
command to operate economically upon them ; and, in i 
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owes her supremacy not more to the strategic qualifications of her 
generals thaa to the patient inveatigatiouB of her pliilo so pliers. 
What pn)portJon the mineral products of this coTHitry bear to the 
sum of its wealth it is not easy to divine. Agricniture in its 
progress has denuded the surface of its wood ; science in return 
has discovered a wealth of coal and iron. Railways and ship- 
ping draw lai^ely on both of these ; and, if we mistake not, the 
latter wiU make a still greater demand on the iron field when — as 
we undoubtedly shall have to do — we change the time-honoured 
epithet of our national bulwarks, and call them no longer our 
"wooden" but our "iron walls." However fascinating maybe 
the pursuit of the speculative science of geology through the 
fiercely contested theories of the Neptunists and Plutonists, or 
through the still more remote doctrines of the ancient Greeks and 
Romans, back even to very chaos itself; it has yet another func- 
tion, and one of far greater practical utility, by which, in the capa- 
city of pioneer, it guides our labours in the useful and decorative 
arts ; pointing here to marble or granite for the sculptor, there to 
materials for the builder; and again, directing the engineer or 
the miner — thereby subordinating external nature, and adapting 
her more closely to the moral, intellectual, and physical condition 
of the great human family. 

These somewhat disconnected but pertinent reflections have been 
suggested by the title of the book before us. Before proceeding 
to remark on the merits of the vpork, however, it will be important 
to the reader to have a more accurate knowledge of the geographi- 
cal position of the district treated of than the author has deemed 
necessary to supply. Cleveland, Ord tells us, forms part of the 
Nortli Biding of "Y orkshire, and is " bounded towards the north by 
the Tees and German Ocean ; by Mulgrave Castle and Thordisa 
on the east ; by Grosmont Bridge, part of Wbeledale Moor, Skin- 
ner Howe, Rolles Cross, and Westerdale to the south ; then 
ascending the summits of Ingleby, Broughton, Carlton Banks, and 
Arncliffe, it includes Apple ton- upon- Wick as an extreme boun- 
dary on the west. It is forty miles long and eighteen broad." 
From the chain of lofty cliffs forming its limits at the German 
Ocean to its opposite boundary, this tract of land presents a series 
of peculiar and characteristic features, the most prominent of 
which are those "immense ranges of majestic hills," of which the 
author treats. The contrast of its wild and wide-spread moors, 
with its nooks of verdant pasturage ; its dales, its rivers, and its 
woods, render this locality n pleasant retreat to every lover of the 
beauties and sublimity of nature. 

The Vfork we speak of is divided into six distinct parts or 
treatises, of which the first and second comprehend a geological 
delineation of the district, the former descriliing the consecutive 
strata of the formation, the latter having particular reference to 
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the ironstone seama. In the third treatise the author givea a 
practical explication of ironstone mining as pursued in the mines 
under his owu direction, together with some remarks on the 
necessity of a careful and thorough yeotilation. The fourth sec- 
tion contains some practical suggestions for the improvement of 
the port and harbour of Whitby. Fiftlily, we have a paper on 
the coal deposits. Sixthly, a brief paper on the " probability of 
reaching the Coal-measures under the Lias and other formations in 
North Yorkshire and Cleveland." And, lastly, a short appendix 
eoutaining a " tabular synopsis of the strata forming the Oolitic 
and Lias groups in the vales of Eskdale, Goatliland, Newtondale, 
and Pickering." Hereafter we may perhaps take occasion to 
offer some remarks upon the purely scientific part of tbe work, 
but at present we contliio ourselves to the subject in its practical 
bearing, which is undoubtedly one of great national importance. 
The ironstone of Cleveland (originally Cliffland) had for many 
years been known to the ironmasters in tlie north, but owing to 
some mismanagement in selecting the specimen cargoes despatched 
for their approval, its value was not duly appreciated ; and it was 
not until the year 1837 that it met with favourable acceptance. 
In 1839, Mr Bewick was culled to Grosmont for the purpose of 
conducting the mining operations about to be commenced by Mrs 
Clark in her own estate. At the same period tbe " Whitby Stone 
Company" sunk their first shaft, likewise at Grosmont, vfhence 
the mineral was transmitted by the Whitby and Pickering Bail- 
way — " one of the early undertakings of the elder and illustrious 
Stephenson" — to the port of Whitby. Tbe cautious manner in 
which Stephenson gave his evidence before the House, when ques- 
tioned as to the probable speed of his locomotive, is worthy of 
remembrance by all who arc connected with new undertakings ; 
and, indeed, the absence of such caution on the part of the author 
of "Cleveland" might have been productive of serious con- 
sequences. 

" After having completed our arrangements for a supply, the 
managing partner of tbe firm expressed a hope that we had not 
undertaken to supply a quantity of ironstone we were unable to 
work — viz., 10,000 tons per annum; in answer to which we 
observed that, before the year was over, we had little doubt of 
being able to raise three or four times that quantity. The obser- 
vation thus made subjected us to a severe rebuke from that gen- 
tleman, accompanied by a well-intentioned admonition, to the 
effect that nothing was more disadvantageous to a young man 
than to make unguarded and exaggerated statements. We en- 
deavoured to assure him that there was, we believed, no exaggera- 
tion in the statement we had made, in proof of which we had 
only to mention further that we had ascertained, from careful 
experiments, that two seams of ironstone in Mrs Clark's royalty 
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would produce the unheai-d of quantity of 20,000 tous pei 
This announcement appeared only to make things worse, and lie 
eapressed very grave doubts of our being able to fulfil even the 
engagement we had entered into, being apparently convinced that 
we were wrong in our calculations, and were labouring under a 
false impression." — p. 20. 

The correctness of hia estimate, however, was subsequently 
placed beyond doubt; for, in 1846, he says — "This contract in- 
creased Mrs Clark's vend to 30,000 tons per annum." 

The prosperous state to which the iron trade had attained in 
1840-41 was followed, in 1842-3, by a more than corresponding 
depression, when pig iron was quoted so low as 36s. per ton. 
This, together with the discovery of the " Black Band" in Scot- 
land nearly drove the Cleveland mineral out of the market. By 
mutual agreement, shipments were suspended at Whitby for two 
years, after which the iron trade revived, the Black Band disap- 
pointed many who had speculated largely in it, and Cleveland 
ironstone was again in demand. In 1844-5 pig iron was quoted 
at £6 per ton, and from that time until now the shipments from 
Whitby have been very considerable, Cleveland stone is not used 
nlone, as it has been found to produce "what is termed, cold, 
short iron, — viz., iron wanting toughness ; which fault is corrected 
by an admixture of hematite ore, obtained from Cumberland, a 
comparatively small proportion of which suffices." 

The annual produce of the three mines at Grosmont is nearly 
as foUowB ;— • 



^ 



The Wbitby Stone Company, about 

Mrs Clark 

The Birtlej Iron Company 

Total 



30,000 
30,000 
10,000 

70,000 



The development of the ironstone workings at Grosmont is 
checkedhy the difficulties of transit to the furnaces; the onlymethod 
of effecting this at present being hy means of small vessels sailing 
from Whitby ; and the author does not hesitate to say, that if the 
harbour were improved, so as to admit a larger class of shipping, 
the annual production of ironstone at Grosmont would reach ten 
times its present amount, A line of railway (the North York- 
shire and Cleveland), which is now in process of construction 
through the very centre of the iron districts of Cleveland will, it 
is anticipated, very shortly connect Grosmont with the northern 
coal-fields ; and other arrangements contemplated hy the North 
Eastern Kailway Company will materially facilitate mining opera- 
tions throughout the entire locality. The author, however, at- 
taclies great impottauce to improvements in Whitby harbour. 
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The extent of tlie mineral field of Cleveland wo gather from the 
author's opinion to be somewhat aa follows : — Estiioating the 
Buperlicial area over which the mineral may he expected to occur, 
in sufficient quantity to make it worth working, at thirty miles 
by sixteen, and deducting from this, to compensate for the denu- 
dations which exist both in the valleys and in the outcrops, sixty 
•qnare miles, we have — 

30x 16 — 60=420 square miles. 
Then, if the averi^e yield be (aa the author believes it will) 20.000 
' tons per acre, and the loss of stone in working it be calculated at 
|2066 tons, we have a net produce of 17,934 tons per acre, which, 
nnltiplied by 640 for miles, and this again by 420 as the ntitn- 
ier of square miles over which the mineral is supposed to extend, 
gives us, as the gross quantity of ironstone obtainable from the 
Cleveland iron field, the enormous raass of 4,820,659,200 tons. 
"We will assume," saya Mr Bewick, "that 200 blast fur- 
naces, making each 200 tons of pig iron weekly, for fifty full 
weeks in the year, draw their supplies from this source ; say then 
200 furnaces x 200 tons x 50 weeks x 3^ tons to the ton of 
pig ^ 7,000,000 of ironstone consumed per annum. Next, 
4,820,659,200-=-7,000,000 = a80 years of time during which 
the main seam of ironstone may he supposed to meet the assumed 
demand. Two hundred blast furnaces is a large number, but 
when it is considered that this is the cheapest iron-making district 
in the United Kingdom — indeed in the world — and that so many 
as sixty-eight furnaces hove been erected for the use of the 
Cleveland ironstone within the last sixteen years — fifty of which 
have, in fact, been constructed within the last ten or twelve years 
— we ari disposed to think that, had we taken double the number 
for our calculation, we should not have outstepped probability. 
It must not be overlooked, however, that the above estimates 
refer solely to the main seam, leaving the top seam as well as the 
upper and lower oolitic ironstone deposits intact. It would lie 
difficult to estimate approximately, by a course of figures, what 
might be likely to be drawn therefrom, but we feel well assured 
that after the main seam workings have progressed for any con- 
siderable length of time, say a century, or perhaps two, these will 
be brought into play ; and our decided impression is, that the 
above 680 years' duration may be extended to 800 or 900 years." 
—P. 123. 

We may perhaps, in a future number, continue our remarks. 
At present we must take our leave of Mr Bewick's very interest. 
ing volume at this point. The illustrations, consisting of a large 
geological map of the district, with two elaborate sections, and 
plans of mining operations, are neatly executed ; and the book 
throughout evidences considerable taste on the part of the puh- 
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lisher. The experience which the author has had in mining pur- 
Bnits generally, and espGcially his intimate acquaintance with the 
district of Cleveland, gives a force to his suggestions which prac- 
tical men would do well to ponder. His object appears to have 
been to render hia worlc essentially practical, and he has succeeded. 
He writes as one conscious that, by imparting his knowledge in a 
plain and straightforward manner, he is rendering his country a 
service. There is in his language an earnestness which arrests 
the attention and commands respect, and withal an absence of that 
controversial petulance which is so frequently observable in 
essays of this kind. 



PROCEEDINGS OF SOCIETIES. 
Royal Society/ of Edinburgh. 

Monday, 3d December 1860. — Hia Grace the Ditke of 
Abgyll, President, delivered an Opening Address. The fol- 
lowing ia an extract from the address : — 

One of the duties which devolve upon me to-night, and one with 
which it is perhaps best that I should begin, is the melancholy duty 
of recording the names of those whom death has separated from our 
fellowship during tho Session 1869—60, They are as follows : — 

William Aleiander, Esq. [ Sir Joinea Forrest, Bart. 

Dr James Andrew, Sir John Hall, Bart. 

Rt, Hoa, Lord Arbnthnot. John Lizars, Esq. 

Sir T. M. Brisbane, Bart. [ Sir John MeWUle. 

Dr George Baiat. Dr George Wilson, 
Hon, Mountatuart Elphinstone.l 

Sir T. Brisbane was descended from an ancient and honourable 
family, whose representative occupied the high place of Chancellor 
of Scotland in tho middle of the fourteenth century. He was born 
in 1773, and entered the army in 1789. A contemporary of 
Arthur WelJesiey, he was early thrown into his society in Ireland ; 
and thus began a friendship which was cemented by a close com- 
panionship in arms, and lasted to the end of the great captain's 
life. Sir Thomas Brisbane's active military service began in 1793, 
in which year his regiment formed part of the Duke of York's 
expedition to Holland. From 1795 to 1798 he was engaged in 
the various affairs by which the West India Islands were succes- 
sively reduced. It was during his voyage out in 1795, that having 
been in imminent danger of shipwreck in a collier transport, from 
the ignorance of the captain, he was first led to direct his attention 
to astronomical observation. 

Having acquired by purchase in 1799 the lieutenant-colonelcy of 
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the 69th regiment, ha returned to England, but liuditig that that 
regiment bad meanwhile been sent to Jamaica, he was obliged to 
repair to that bland in the following year. 

Sir Thomas Briabane'is health having suffered severely from the 
effects of climate, he was obliged to retire on half-pay, wiien in 
1804 his regiment was ordered to India. But in 1810 he was 
appointed to the staff at Canterbury as assistant adjutant-general; 
and on the amij going out to Portugal, he applied tor an appoint- 
ment under his old friend Sir Arthur Wellesley. In 1812 he 
secured this great object of his ambition, and as brigadier-general 
joined the hraji-quarters of the army then at Coinibra. 

Sir Thomas remained in this high command throughout the 
remainder of the Peninsular war, and for \ns distinguished services, 
espocially at the battle of Orthes on the 27th February 1814, he 
had the honour of receiving by name the thanks of the British Par- 
liament. At the close of the Peninsular war. Sir Thomas Brisbane 
was selected for the command of one of the brigades which were then 
sent out to Canada, where he used his influence in putting an end 
to the barbarous practices too often resorted to by both parties in 
the unfortunate war with America. The escape of Napoleon from 
Elba recalled Sir Thomas in haste to Europe, where, however, he 
arrived too late to take part in the final triumph of Lis great Com- 
mander. 

There is one curious incident of this period of Sir T. Brisbane's 
life which is specially interesting to us. It is well known how in- 
tense was the feeling of bitterness against the French government 
and people roused in the German nations by the cruel humiliation 
they had all guccesBively undergone from the successful tyranny of 
Napoleon. Some of the public buildings of Paris, commemorative 
of his victories, were saved only by the personal interference of the 
Suke of Wellington. It appears that another, the abode of no less 
celebrated a body than the Institute of France, was saved through 
the appropriate agency of Sir T. Brisbane. The claim thus estab- 
lished ou the favour of the most distinguished scientific society in 
the world, in addition to that founded ou his own acquirements and 
pursuits, was speedily acknowledged. On the motion of Bouvard, 
the French astronomer, Sir Thomas Brisbane's name was added, by 
an unanimous vote, to that roll of membership, which affords, and 
has long afforded, one of the most valued honours attainable by the 
successful cultivators of science. 

In 1820 the continued favour of the Duke of Wellington pro- 
cured for hmi the governorship of the important colony of New 
South Wales. It was this command at the Antipodes which enabled 
Sir Thomas to render to astronomical science those new and im- 
portant services which procured for him, four years after his return, 
ihe gold medal of the Royal Astronomical Society of London. He 
established, and maintained entirely at his own expense, the uqw 
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Qoltibrated obaerTatioi-/ at Paramatta, So earl; 33 1808, whun liis 
healtli had uonipelltd hini to retiru for a. Uaia h-aia active service, 
he liad erected an cibservatory at Brisbniie, his uativo place ; and 
I of the itistrumentB procured Fur thiti establishaient were the 
' 6rBt with which observations were begun at the Antipodes. 
' Sir T. Brisbane was sleeted an F.K.S.E. in 1811, but in con- 
Bequeuae of his various military appointmentB abroad, he did not 
pertionallj take mucli part in its proceedings until about 1826, 
when hiti name appears on the list of the Council. In 1832 he buc- 
eeeded Sir Walter Scott as President of the Society, an honour whiub 
he fully appreciated to the very last. A certain simplicity of cha- 
racter, combined with a dignity and courtesy which peculiarly became 
hiin, made him deservedly and universally popular among the Fel- 
lows. The perfect disinterestedness with which be devoted himself 
to science, added to this favourable impression a feeling of sincere 
respect. He was lavish of money when any scientific objtot was in 

. view. Many an unfriended but ingenious person has been encou- 

, raged by his liberality, which only erred sometimes on the side of 
being too indiscriminate, About seventeen years ago, having fallen 

' heir to a considerable property, his first thought was how to spend 
it best for the advancement of his favourite sciences. After con- 
sultation with one or two persona on whose judgment he relied, be 
determined on erecting the magnetical and meteorological observatory 
«t Makufstoun, and on supporting the needful staff of observers at 
n expense. The valuable observations which were made tht-re, 
most ably superintended, for the most part, by Mr J. Allan Broun, 
were afterwards printed at grciat length in the Transactions of the 
Society, at the joint expense of the Socii'ty and of Sir Thomaa 
lumself. 

Auiong the FeUows of this Society whom we liave lost during the 
present year, there is another whose name I cannot pass by in 
Biteuce, or with mere mention only '. I mean the name of Mount- 
Stuart Elphinstone. In all probability there are few nieniburs of 
this Society now present to whom thi.s distinguished man was per- 
Dnally known : because the greater part at his lite was spent in 
India, and the remainder of it in very close retirement. But hiit 
nanje is familiar to all of us ns one of the most eminent among those 
ithoBe courage and ability havo built up the colossal fabric of our 
Indian empire. So far as active service is cuuceined, he was a yet 
ns of the great Duke than Sir ihamae 
Brisbane. Alternately acting as soldier and civilian, as in the earlier 
days of the " Company" all her great servants occasionally did, he 
took an active part in the campaign which founded the fame of 
Arthur Wellesley. JIountstuartElphinstone has, however, a high, r 
~ ' 1 on the grateful recollection of his country. When war hud dune 
Qi'k, and the time had come for governing the piiople who had 

been caiiqucix^, Lis powers of udmiuistratiun were us conspicuous as 
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rhb courage in the field. By the uniTereal ooneent of all who kuow 
tlie liiEtory of our Indian empire, he is regarded as one of the very 
greatest of those whose wisdom and virtue havt; tended to reconcile 
ha people to British mlu, and have founded thoso traditions of 
governmeat which, modiSed more or less by the progresH of events, 
must continue) in the main to be the guide, not only of us in India, 
but of all nations who undertake the difficult and responsible duty 

tof ruling oihei' nations, different from Uienisulves in race, language, 
and religion, 
GoorgeBuist, LL.D., F.B.SS. L. and E., and G.8., another recently 
deceased fellow of the Souiety, was bom at Tannadice in tho year 
1805. His father having been minister of that parish, which ia in 
the presbytery of Koifar, Dr Buist wa^ educated at St Anili'ews, 
and studied divinity for the purpose of becoming a miniiiter of the 

ICbureh of Suotland ; but, though licensed to be a preacher, he never 
was ordained as a minister of the Church. He cultivated with assi- 
duity the study of Kcisiice, especially in it8 bearingn on natural 
history and geology, founded a provincial society for its prosecution, 
and gained ibe prize offered by the Highland and Agricultural 
Mocioty for an account of the Geology of Perthshire, which is pub- 
lished in the Transactions of that Society. During his residence in 
India he contributed many papers of interest to tho scientifio 
■ODiaties of that country. In addition to these, he also published 
Jiapers of interest on its antiquities and history. Many important 
public works enjoyed much benefit from his active co-operation. 
Among thtse may be mentioned the establikhmont at Bonibay of an 
iDiluiitrial school for natives, wherein a kaowlodgo of British manu- 
factures was taught, and wLich led tho way to similar industtial in- 
stitutions for tho other presidencies. Dr Buist died o 
I Calcutta, on the Ist day of October last. 

I wish I were capable of presenting to the Society a 
I really useful iMview of the progress of science dur 
t which is about to close. This I cannot pretend ti 
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; but perhaps 
I I may be allowed to direct your attention to one or two subjects to 
which that progress has been important. 

To begin with our own country, and with an investigation tho 
I importance and interest of which has K-en acknowledged by the 
I Society itt the grant of the Brisbane medal, — I have reason to believe 
' that Sir Boderiuk Murobison has been prosecuting with farther suc- 
f easg his examination and reclassification of the more ancient rocks of 
Scotland. The clue afforded some years ago by the discovery of 
Mr Poach, that the limestones of Duirness in Sutherland contained 
fossils of the Lower Silurian age, has been followed up by our distin- 
guishud countryman Sir Roderick, with his usual indefatigable per- 
severance, and liis usual sagacity of interpretation. The result of 
his last researches gues far to extend the light already thrown on 
tbc rucks of Sutherland and Koss to the vast series of micaceous 
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and quartzose strata which constitute the great bulk of the Westoni 
Highlands in the counties of Argyll and Inverness. And I think 
it a circumstance worthy of msntion, that some yeara before the 
discoverj of the Sutherland fossils, and before, therefore, any clue 
from organic remains had been afforded, Sir Roderick Murchison 
had suspected that the whole series of metamorphic slates in the 
district to which I refer were nothing more Dor less than altered 
Gtrata of Silurian age. He expressed that suspicion strongly to 
myself in 1850, when I had an opportunity of pointing out to him 
Bume of the more characteristic beds in the neighbourhood of Inver- 
aray. During this last summer and autumn, he has ti'aced the 
upward series of rocks from what he calls the fundamental gneiss 
in Sutherland and Lewis, southward to the islands of Islay and Jura, 
and hy a close esaniiiiation of the stratigraphical relations, is now 
prepared to furnish proof of the ti'Uth of the conclusion to which by 
a species of instinct he had been led before. In one of the facts 
upon which this determination rests, I think I can venture, from 
personal observation, to confirm his argument. The term gneiss 
had been correctly applied by M'Culloch to the fundamental rock 
of the outer Hebrides, a rock which reappears in great mass on the 
south-west coast of Sutherland. But unfortunately he applied the 
same term to other rucks, which are now proved to overlie beds 
containing Lower Silurian fossils. He thus confounded strata which 
are separated by immense ages from each other. Sow, Sir Roderick 
Murchison has pointed out the essential differences of lithological 
character which distinguish the fundamental gneiss from all the 
rooks of the overlying series. When these differences are once 
pointed out, it is impossible to miiitake tlie two. The fundamental 
gneiss is distinguished by the predominance of hornhlende, so 
thickly laid, generally in lines parallel to the stratification, as fre- 
quently to render the stone almost black. The felspar and mica are 
generally found in large separate crystals and plates ; and it is not 
unfrequently intuTsected by veins and masses in which tbe same 
mineral constituents are more perfectly mixed in the form of granite. 

To this rock, which is largely developed in our North American 
possessions, where also it is succeeded by a very similar series of 
overlying deposits, the term "Lawrentian" has been applied by Sir 
William Logan. 

This term Sir lloderlck Murchison proposes to retain for the 
oldest stratified rock yet known in the world. Upon this funda- 
mental Lawrentian gneiss are piled the vast series of Cambrian 
strata which constitute the great mass, and sometimes the whole, of 
the most striking mountain-forms on the west coast of Sutherland and 
Ross. These strata are estimated by Murchison to measure some 
ten or twelve thousand feet in thickness. Resting again unconform- 
ftbly upon these Cambrian beds, and capping with their white 
qiiartzitea many of the mountains, the true Silurian rucks appear, dis- 
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tinguished — mainly in the limestone bands, but also, tbough more 
rai^ly, in the quartzites — by orthoceratites, and other characteristic 
fossils. Intercalated among these, and therefore having their rela- 
tive age clearly determined, occur those other more crystalline and 
metamorphic strata to which tie same term gneiss had been also nn- 
fortuoately applied. But no two rocks can be more different than 
those overlying rods from the fundamental gneiss, I have never 
seen in any part of tho South-west Highlands, among the moun- 
tains which M'Culloch assigns to gneiss, any rock approaching in 
character to the gneiss of the Hebrides and of the north. The 
question, however, will, I have every icason fo believe, be finally settled 
by the proofs which arc about to be brought before tho Geological 
Society. SirK, Murchison has found that the islands of Islay and Jura 
present perfect repetitions of the phenomena ot' Sutherland, and that 
the quartz rocks and limestones of Silurian age are superposed 
conformably and without a break by the micaceous and chloritic 
series which occupies such large tracts on the opposite mainland, 
and which, folding over a little south of Loch Tay, and clasping 
round Schiehallion, again rises up to the north of Loch Rannoch, 
and allows the lower quartzites and limestones to reappear. Very 
curious questions arise as to the causes of the metamorphic action 
which has so completely altered the structure of beds lying over 
others which remain comparatively unafiected. Some geologists 
have been inclined to deny the existence of true stratification in the 
micaceous chloritic schists of the South-west Highlands, and to 
assign the appearances to lamination or slaty cleavage. I must say 
I agree entirely in the view taken by Sir B.. Murchison, that this 
doctrine is wholly untenable. Indeed, I can with difficulty sup- 
pose its being held by any one who is familiar with the districts 
in which these rocks prevail. It may safely be affirmed that there 
IB no one indication or feature of true aqueous Ktratifioation which 
is awanting, except the presence of organic remains. There are the 
same alternntions of siliceous, muddy, and calcareous beds, which 
everywhere characterise a long continuance of marine deposit thrown 
down under various mineral conditions. 

It is well to observe that this new classification of the rocks in 
the north-west of Scotland adds additional force to an argument long 
■go used by Sir Roderick Murchison in reference to the bearing of 
geological evidence on the great question of the beginning and suc- 
cession of life. The Silurian strata, in which fossils have been 
discovered, are more crystalline and more highly metamorphic than 
the Cambrian strata which lie below them. Yet, in Scotland at 
least, no ethnic remains whatever have as yet been discovered 
throughout the vast series of beds which belong to those old de- 
posits; whilst elsewhere the few forms of life hitherto discovered 
indicate what M. Barrande has called a " Primordial Zone," Those 
successive formations have now been traced, and more or less esa- 
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mined. In almost e?ery region of the globe, and everywhere the samo 
limited assemblage of organic reniaina lias been established — the 
same total absence of any indication of terrestrial life — the same fe«f 
generic types, chiefly of Crustacea, oephalopoda, brachiopoda, most of 
vrhich have long since ceased to be, wliilst one at least has survived 
every subsequent revolution, and is still living in the present day. 
On the other hand, it will no doubt be argued by those who take an 
opposite view, that the circumstances attending this reclassification of 
the older rocks of Scotland tend more than ever to teach the nei^ssity 
of caution in the interpretation of negative evidence. Tho abiindanb 
existence, it will be said, of organic life dunng the i^os of the Silurian 
deposit is beyond question. Yet all traces of it have been obliterated 
absolutely throughout a vast series of beds : in others, the indrcationa 
are so exceedingly obscure that their character is altogether doubtful; 
whilst only in one or two thin Beams of limestone, and in still rarer 
quartzite beds, has an unequivocal record been preserved of the highly 
organised and abundant molluscan life of the Silurian seas. 

Before passing from the Geology of Scotland, I must direct the 
attention of the Society to the very beautiful geological map of this 
city and its vicinity which has been lately published by the De- 
partment over which Sir R. Murchison presides as Director-General. 
The ooal-basin, with its coal crops and I'aults, was the work of Mr 
Howel ; the rest was surveyed by Mr Geikie ; both these gentle- 
men being geologists of the Government Survey. The admirable 
care and exactness with which they have given the minutest details 
of a very varied and intricate district, is an excellent example of tho 
high economical as well as scientific value we may anticipate of the 
geological survey of the country. 

The oldest formation in this sheet is the Lower Silurian, of which 
two small patches occur along the southern edge of the map. They 
belong to tho great Silurian tract of southern Scotland, agaiivst 
which the upper Old Bed Sandstone and carboniferous rocks of the 
Lothians rest u neon form ably. There are at present known only 
two areas of Upper Silurian strata in Scotland, of which one occurs 
in the Fentland Hills, and is mapped in the present sheet. It con- 
sists of highly inclined shales and sandstone. Mr Charles Maclaren 
was the first to detect organic remains in these strata. About 
twenty-five years ago he found two orthoceratites, hut in a frag- 
tnentary state. In the year 1857, when the Geological Survey 
extended into the district in question, Mr Geikie first made known 
the richly fossiliferous chtu^acter of these Silurian strata, the assem- 
blage of fossils unequivocally indicating the horizon of the Ludlow 
rooks of England. On the edges of the upper Silurian beds rest 
unconformably the upper Old Bed Sandstones and conglomerates, 
with enormous interbedded sheets of felstone, which form the chain 
of the Fentland Hills. 

The great Lower Cai-bouiferous group is well shown in the area 
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embraued by the present map. It occupies the whole of the district 
between the Bathgate hills »nd the Fentlandfi, and contains in that 
region a. seam of limestone, which is the equivalent of the Burdie- 
house limestone on the east side of the Fentland ridge, and also a 
seam of coal tha,t appears to be quite local. The line of outcrop of 
these two seams, as traced on the map, will show the intricate 
character of the geological details. Perhaps the most remarkable 
feature in the Lower Carboniferous scries of the Lothiaoa is the 
abundance and variety of its associated contemporaneous igneous 
rocks. There is no well marked zone in the series which does not 
at some locality in this region display its sheets of greenstone, 
felalooe, or ash. 

The Carboniferous limestone of this sheet shows characteristically 
the Scottish type of that sub-formation. Its base consists of lime- 
stone bands, with associated shales, sandstone, and coals. Above 
these comes the group of coal-bearing strata, known as the " Edge 
coals" of Midlothian. But these are not the Coal-measures of 
England, seeing that above them there are bands of limestone, with 
true Carboniferous limestone fossils. The Millstone grit has not yet 
been satisfactorily determined, but its place may be represented by 
some of the thick sandstones of Roslin. 

The Coal-measures proper, or " Flat coals" of Midlothian, oc- 
cupy the centre of the Edinburgh coal-basin. They are truly the 
equivalents in position as well as fossils of the Coal-measures of 
England. 

It is deserving of remark, that while, in the Lower Carboniferous 
strata and in the "Edge-coals" of Linlithgowshire, volcanic rocks 
abound, none occur in the Edinburgh coal-field, although they were 
abundant in that district during the earlier part of the CarboniferouB 

The system of parallel faulting of the Fentland Hills is also 
worthy of notice, as accounting for the small development of Lowet 
Carboniferous strata on the east of the chain, and their great expan- 
sion to the west. The highly inclined character of these strata along 
the east side of the hills (some being quite on edge, hence called 
"Edge-coals"), arises from the downthrow of the whole coal-field 
against the older rocks of the chain. A detailed description of the 
sheet from the geologists before named is at present in the press. 

The attention, not of geologists only, but of men of science in 
several departments, has, during this and the preceding year, been 
fully awakened to the importance of a discovery which is really of 
much older date — viz., that flint implements, the work of man, are 
found in beds of drift gravel associated with the bones of the last 
generation of the great extinct mammalia. The full significance of 
this fact is only now being fully recognised, and many of the con- 
clusions which it may tend to establish are subject to much doubt, 
and will probably form the subject of increasing controversy, ^-c*. 

NEW SERIES. VOL. xni. NO, I. JKIS. \ftft\, "^ 
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it in Duly necessary to have a clear iilea of tito lavts as tliej have 
lieen now ascertained, to see that one conclutiyn at least is placed 
beyond all question — viz., that great physiual changes on the surface 
of the earth, and these, in part at least, effected by the agoncy of 
water, have taken place since the creation of man'. 

Whethef this conclusioti carries the creation of man farther back 
than had commonly been Eupposed, or whether it merely brings 
nearer to us than we had before canueived, the last great changea 
which liave produced the existing surface, is the main question on 
which debate arises. As geolugy gives no certain data for com- 
puting positive, but only relative time, this question is necessarily 
involved in much obscurity. But there are certain limits within 
wljich, after all, the coiitroverKy is confined. It is well to observe 
thut, according to the principle on which geological times and epochs 
ai'e classified, the human epoch remains, after these discoveries, very 
much where it stood before. It is true that many of the large 
animals, with which the traces of man seem to be connected, are 
now OKtinot ; but a very much larger number are still living. The 
MoUuBcan Fauna, which plays ee important a part in ages of geo- 
logic time, is absolutely the same. The general aspect of animal 
lile is tlie present aspect, with the exception that a certain number 
of species of the larger Herbivora and Carnivoi-a have become ex- 
tinct. But such extinctions, local in many instances, and tKital in 
some, have taken place in historic times, and are in visiblo process 
of accomplishment even now. Such extinctions do not constitute a 
new Fauna, nor, according to the received principle of classifying 
past times, do they mark a new geological ago. The era of man, 
therefore, remains, geologically speaking, in the same relative place 
iu which it stood belbi-e>-the very last and latest of the world. 

But the fact that human implements are found under great beds 
of grave! and of earth formed by water, whether of risers or of the 
sea, at an elevation which in cither case would imply changes of 
lefel, such as, if general, would be enough to revolutionize the 
whole aspect of our now habitable surface, it< a fact which casts new 
.ind important light on the (geologically speaking) very recent date 
at which those changes have taken place. 

"Whether the men who formed the implements were or were not 
contemporary with the hving quadrupeds whose bones are associated 
with these implements, seems to me a subordinate question. The 
mere fact of such association may not absolutely prove the point, 
because it is conceivable that the bones may have been merely re- 
uggregatcd from an older fossiliferous deposit. But I suspect that 
the reluctance to admit the coutempoi'aneity of man with those 
animals results from the reluctance to admit man's priority to such 
phyBicftl changes as are supposed to separate us from a Fauna 
typified by the Mammoth and the Elk. If, therefore, the fact of 
Hiitijj priority be proved from the stratigrnphical position of the flint 
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relics, wliolly independent of any argument derived from organic 
remains, the importance of tlie question respecting the human age 
of the great niammala will he iiiach diminished. It may be u-ell, 
therefore, to keep our attention firmly fixed on what is the really 
important questiu& — the nature and position of the strata in which, 
ajid under which, the flint implements have been interred. Going 
no farther for light upon this question than the particular beds at 
Amiens and Abbeville in France, where the implements have been 
found in greatest abundance, it is enough to record the facts. The 
flints are embedded in a stratum of gravel, which rests directly on an 
eroded surface of the chalk, and contains along with the hatchets the 
bones of the gt'eat extinct mammalia. This is again surmounted by 
a bed of sand frum seven to ten feet thick, in which only a few rare 
bones and implements have been found. This is again capped by 
a second bed of gravel from two to five feet thick ; and iiiStly, on 
the top of all, is a bed of brick-earth, in which, as if to afford the 
very poetry of illustration, are to be seen the tombs of Koman G-aul. 
Such is the position of the beds with reference to each other. But 
what is their position with reference, not to each other, bnt to the sur- 
i'oimding country ? The gravel-bed extends to points upwards of a 
hundred feet above the level of the river Somme, which occupies the 
bottom of the existing valley. It ia described by Professor Rogers, 
a most competent and accurate observer, as extending to the 
summits of the plateaux which determine the existing drainage. 
Whether, therefoie, the water which formed those beds were marine 
or fluviatile, in either case such changes of level are implied as 
would be sufficient, if general, to alter widely the existing distribu- 
tion of land and sea. 

Here, then, the question arisefi, Were those changes local — con- 
fined perhaps to the district of Western France ] Connected with 
this question, another immediately occurs : Is not this bed of gravel 
identical in character and composition with similar depoEits in other 
countries? Is there anything to distinguish it from the gravels 
containing precisely the same mammalian bones which are familiar to 
geologists in almost every country, and which have been recognised 
every here and there over the whole of Europe, from Siberia to 
Palermo, and from the basin of the Thames to the v.illey of the 
Danube t So far as I have been able to gather from the papers 
which have detailed the facts, there is nothing to indicate any dif- 
ference whatever, except that, at least until this discussion arose, 
human implements had nowhere else been I'ecognised as associated 
with the drift. The absence of such remains elsewhere, however, 
would go for little in establishing a difTerence, because it is clear 
that the men who existed before the formation of the Abbeville beds 
were rude, and probably widely scattered savages, distant outliers of 
their race. The chances, therefore, were infinite against the preserva- 
tion either of them or of their works. Hut even this distinctiQU,\t ti!K?ii. 
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appear, is being broken down. It is now recollected that bo long as 
sixty years ago, Imman implements had been discovered in Suffulk 
under similar conditions, and the faut communicated to the public 
in an arch Ecological journal by the discoverer Mr Frere. The 
spot has been since visited by Mr Prestwicb, freSh fi'om the Abbe- 
villo beds, and he recognises the samo phenomena. But this is not 
all. Tho seent, once taken up, is becoming stronger and stronger, 
every day. Closely connected with the period of the drift-gravels 
are the osBiferous caves and caverns so common all over Europe 
where limestones prevail. They have been long known to contain a 
profusion of bones of the extinct as well as of living mammalia. 
Here, again, it is now confidently asserted that human implements 
are being found under conditions which leave no doubt that, wliether 
man was or was not contenipoi-ary uitli these animals, ho must at 
least have preceded the action of those agencies which brought the 
bones together. The evidence in this case must necessarily be 
more liable to erroneous interpretation than in tho case of imple- 
ments found in undisturbed beds of gravel, because caverns must at 
all times have been a resort of savage tribes whenever the entrances 
were accessible from the surface. But the evidence seems to be 
such as is sufficient to convinca examiners so careful and acute as 
Dr Falconer and Mr Prestwich of the undoubted priority of man 
to that diluvial action which appears to have swept into those 
caverns their mixed contents. But this is not all. It is now re- 
called to mind, that so long ago as 1833, a M. Schmerling had pub- 
lished Kesearches into the Ossiferous Caverns of Belgium, in which, 
not implements of man only, but his teeth and his bones, and 
portions of his skull, had been found so thoroughly mixed up with 
the remains of the lower mammalia as to leave in his mind no 
doubt, if not of their contemporaneous life, at least of their con- 
temporaneous entombment in the spots where they are now found. 
These are remarkable facts ; and in so far as thoy indicate that the 
phenomena of Abbeville are closely related to others observed in 
many different parts of Europe, they go far to prove that the French 
gravel-beds were duo to no mere local cause, but to some diluvial 
action which was general, and therefore in all probability due in 
great part to the waters of tho Kea, 

I need not point out how many and how interesting are the 
questions which this discovery raiees in our minds. Was this in- 
cursion of the waters of ibe sea, over a pre-esisting land, sudden 
and transient, or gradual, and of long duration ? In the Abbeville 
beds there seems to be clear evidence of four successive stages of 
Bubmergence, each distinguished from the other by different mineral 
conditions. The first bed, that in which tho bones were entombed 
along with the human implements, indicates an action strong, if not 
violent, but not of long duration. The second indicates, by its finer 
niaterials, the action of a gentler force. Tho third seems to be 
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Tcry niiieh a repetition of the first ; whilst the last can only be 
accounted for on the supposition that fine sediment had time to 
accumulate in comparatively tranquil waters. The interest of the 
question is very much centred in tho nature of the action which 
began this series bf events. Perhaps it may be well to look at the 
conclusion come to in respect to the origin of the maromaliferoua drift- 
gravel by the geologist who has devoted most special attention to 
the subject, and before the discoveries of Abbeville had disturbed 
any preconceived idea. I find Mr Prestwich, in a lecture delivered 
in 1857, coming to this conclusion in respect to the ossiferous 
gravels of the Thames : — " Taking into consideration the absence of 
contemporaneous marine remains, and noting the immense mass of 
but slightly worn debris derived ftom and covering irregularly the 
sedimentary deposits ; and the fact that it has evidently been trans- 
ported from greater or less distances, combined with the occurrence 
in the gravel of the remains of large land-animals, of trees, and of 
fi'eeh-water land-shells, we have, I conceive, at all events in these 
facts, indications of at least one land<surface here destroyed, and 
its rocks, plants, and animals involved in one common wreck and 

An able and elaborate paper on the " Distribution of the Flint- 
Drift of tho South-east of England," &c., was communicated to the 
Geological Society of London by Sir B. Murchison in 1861. The 
phenomena he describes seem everywhere to be a precise repetition 
of those of Abbeville. Everywhere the i!int-drift, which is often, as 
there, covered by brick-earth, clay, or loam, is characterised by the 
bones of the great extinct mammalia, and everywhere, according to 
tho author's view, gives evidence of sudden and violent diluvial 
action. Everywhei'e, also, this drift-gravel rises high above the 
levels of the existing drainage, whilst, at the same time, it gives 
evidence that the general configuration of the surface was substan- 
tially the same as now. Everywhere, also, wherever shells have 
been preserved, they belong to our existing fauna, and thus provo 
beyond a doubt that, geologically speaking, the age of the drift is the 
age of the existing world. "In short," he says, "the cliffs of 
Brighton afford distinct proofs that a period of perfect quiescence 
and ordinary shore action, very modern in geological parlance, but 
very ancient as respects history, was followed by oscillations and 
violent fractures of the crust, producing the tumultuous accumula- 
tions to which attention has been drawn." 

Unless, then, the Abbeville beds of drift can be separated from 
those so widely prevalent in other countries, the discovery of human 
implements underneath this drift will rather tend to bring nearer to 
us than had ever been supposed some great and sudden diluvial 
action, than to cast any very clear light on the absolute time — that 
is, on the time measured by years or centuries — which has elapsed 
since the creation of our race. The facts which have be-iti Utwi'^x".. 
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to liglit prove, indeed, clearly enough, tbat eince man walked tnt 
earth xome great changes hare affected the condition of its aurlace ; 
and it is impusaiblft as yet to tiay what bearing thia difiCOTer; may 
be found to have on that remenibiance of at least one great catas- 
trophii, nhich ii not more a p:irt of sacred history than it is of pro- 
fane ti-adition. 

We must not, however, shut our eyes to the indirect effect which 
this discovery must have on the questionof positive time. In the first 
place, there is a school of geologists, led by our distinguished coun- 
tryman Sir Charles Lyell, who disbelieve generally in those conclu- 
sions which point to violent and sudden changes ; and, in the next 
place, it must be remembered tliat changes which in point of geolo- 
gical time might well be accounted rapid, might nevertheless well 
occupy thousands of our years. There is proof in those gravel-beds 
of the Somme of a double motion, one of submergence to the depth 
of certainly more than 100 feet, another of sulwequent elevation, 
during which the immense mass of material which had been brought 
down and deposited by water, has been worn through and broken into 
escai-pments, either by tlie existing stream or by more powerful 
currents. We have no data from which to measure in years the 
time which the accomplishment of such a series of changes may 
imply. But I think the general impression left upon the mind 
must be in favour of a very high antiquity. Farther light may be 
cast upon this subject if the drift-gravels of France, the south of 
England, and other countries, can be co-ordinated with any one of 
the stages of operation to which we owe the superficial deposits of 
Scotland and the north of Europe generally. It is well known that 
in these laet there is one prominent characteristic which is absent 
farther south, I mean the abundant proofs of glacial conditions, or 
an arctic climate. Un this subject there b a paper of great interest 
in the last " Quarterly Journal of the (ieological Society," by Mr 
Jamieson, founded on observations made mainly in the county of 
Aberdeen. The cycle of changes which this geologist thinks can be 
clearly traced, as necessary to account for the superScial deposits of 
oor own country, amount to no less than five great epochs, including 
two of submergence and two of elevation, and involving changes of 
level to the extent of more than 12000 feet. Scotland has long ago 
furnished evidence as clear as that founded on the French flint im- 
plements, that at least previous to the last of these elevations man 
had reached her shores, and navigated her rivers and estuaries in 
those rude canoes, hollowed out of trunks of oak by stone hatchets, 
which haf e been frequently found in elevated beds of silt and gravel 
in the valley of the Clyde. And here wo strike npon evidence 
which has some bearing upon the question of time. Closely con- 
nected with the period preceding the last elevation of the land, we 
have proof that an arctic climate prevailed over a large part of the 
Borthem hemisphere, whose climate is now comparatively tempenite. 
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But this period seevaa clearly to have been one of long duration — that 
is to say, of such, duration, and lasting under such conditions of com- 
parative rest, as to allow the developnieiit of a glacial fauna. Close 
to my own residence on the Clyde, each low ebb exposes numerous 
esamplcs of the Fecten Idandieas, and of thoEe very large Balani, 
which are now confined to arctic eeaa, I'htBe beds of sheila, which are 
all of existing species, hut of species wliich have retired from our now 
more genial temperature to a northei'n habitat, were first described 
by my friend Mr Smith of Jordanhill, and his observations and con- 
clusions hace since been abundantly confirmed. We havo no know- 
ledge how this period was brought to a close. But there seems to 
be evidence that it had eome to an end, and that for a long time 
before the last elevation of the land, and before man had ap- 
peared iu Scotland. This seems to bo a legitimats deduction from 
the fact that the canoes in the elevatid Clyde beds are formed of 
oak of large dimcnbions and of great age. Forests which afforded 
Buch timjier must have flourished in a climate not much more rigor- 
ous than that which exists at present. Here again, then, the earliest 
footprints of our race are traced up to a point, preceding indeed 
some important physical changes, but clearly subsequent to the estab- 
lishment of all the main conditions which now affect the distribution 
of animal and vegetable life. 

As regards the extinction of some animals, I have spoken as if 
the contemporaneousness of man with them whilst yet living ought 
not to be absolutely assumed merely from the fact that his imple- 
ments are associated with their bones. But on this point new evi- 
dence is being rapidly collected and brought together. Mons. 
Lartet, a distinguished French naturalist, has found what he consi- 
dei-s to be distinct evidence of the mark of human weapons on various 
parts of the skeletons of the extinct mammalia of the drift. These 
marks have been detected on the skull of tlie Megaceroa Hibemicua, 
or great Irish elk, — an animal which stood some ten feet high — on 
the bones of the Bkmoceroe tichorinus, and on those of various species 
of the OS and deer, which are new either extinct or confined to the 
last remnants of a declining race. The marks are of various kinds — 
some of them peculiar — indicating a sort of sawing with some instru- 
ment not of the smoothest edge. M, Lartet has ascertained that 
these blows and cuttings could not be made except on fresh bones — 
that is to say, on bones undried and retaining their aninml cartilage. 
Farther, he has succeeded in producing on the bones of existing 
animals precisely the same peculiar forms of incision by using one 
of the old flint implements found in the same beds of gravel, whilst 
he has equally found that similar marks are incapable of being pro- 
duced by implements of metallic edge. Hij conclusion is thus stated 
by himself: — "If, therefore, the presence of worked flints in the 
diluvial banks of the Sommo, long since brought to light by M. 
Boucher de Perthes, and more recently confirmed by the ti^Qnov.'*. 
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verificationa of serei-al of your learned fellow-eounti-ymQii, have 
established the certainty of the existence of man n,t the time when 
those erratic deposits were formed, the traces of an intentional ope- 
ration on the bones of the rhinoceroB, the aurochB, the megnceros, 
the cervus sommensis, &c. &c,, supply equally the iiiductiTe demon- 
Kti-ation of the contemporaneousness of those species with the human 

The great number of flint implements which hare been found in 
the French beds — said to amount to upwards of a thousand in a few 
years — when compared with their great rarity elsewhere, is not per- 
haps so curious as at first sight it may appear to be. Flint imple- 
ments can only be made where flints are accessible ; and it is well 
known that the flints of particular beds, or strata, of the clialk, are 
more easily fashioned than others. It is therefore probable that 
some such favourable locaHty had existed in the chalk of that part 
of France, and that what may be called a manufactoi'y of them had 
consequently been established there. It is remarkable that some of 
the implements are only half finished, whilst all of them exhibit 
such sharp edges and angles as are suflicient to prove that they 
have not been transported far from the spot where they were made, 
nor subjected to long wear from use. 

On the whole, then, it is not to bo doubted that the discovery of 
human implements under repeated beds of aqueous drift and sedi- 
ment, so high above the levels of existing rivers, or of the existing 
sea, is a fact of very great significance and importance. In its 
bearing on geology, it is principally tnteresting as proving at how 
recent a period portions at least of the earth have been subject to 
powerful and rapid diluvial action. In its bearing on human 
chi'onology, everything depends on the degree of suddenness and 
rapidity with which water may have been brought to act upon the 
former surface. But here anything like data for positive computa- 
tion entirely fails us. We have no knowledge, in historic times, of 
any aqueous operation on so grand a scale. Making, however, 
every deduction which can be made, we must be prepared to find that 
the facts thus brought to light in the valley of the Somnie will be 
held to furnish important collateral evidence in support of the 
reasoning founded on other sciences, such as philology and ethnology, 
which has long demanded, for the development of our race, a number 
of years far exceeding that which is allowed by the chronology pre- 
viously received. It is the beautiful expression of Sir Thonaas 
Browne, which I find quoted by Dr Mantell in a former paper on 
this subject, that " Time coiiferreth a dignity upon the moat trifling 
thing that resisteth his power;" and it is impossible to look at 
these rude implements — ^perhaps the earliest eiTorts of our race, in 
the simplest arts of life — without being impressed with the high 
interest of the questions with which they seem to bo inseparably 
connected. 
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H I think it is impossible not to consider the publication of Mr 

H Darwin's work on the " Oi'i;j;iD of Speciee" as an event in the history 
H of Ecieiittfic speculation. The influence which such theories liave 
H had in stimulating and directing the progress of actual discoTery, 
V entitles them, when they come from distinguished men, and when 
■ they rest on any large amount of careliil observation, to the marked 
I attention of eucli Societies as this. It cannot be denied that Mr 
f Uarwia'fi book claims our respect on both these grounds. It may 
be true, as I think it is, that aU the facts he bas brought together, 
supposing them to be clearly established (or even much extended by 
the volume of proof which is 8till in reserve), bear a very small pro- 
portion to the purely speculative conclusions which go to make up his 
theory on the " Origin of Species." Yet probably there is no other 
man now living who could have made such & rich collection. Ha 
other man since the death of Humboldt has had such powers of obser- 
vation, combined with such opportunities of observing. "The Voyage 
of the Beagle" shows how targe and wide has been his experience of 
the general aspects of nature ; whilst his monograph on the Cirripedes, 
and other papers on zoology, testify to bis unwearied assiduity in the 
examination of detail, His book, therefore, comes before the world 
with every claim to respectful consideration which can be founded 
on the high scientific reputation of its author. The "Origin of 
Species," however, means nothing less than the method of creation ; 
&nd this is a subject so profoundly dark, that no amount of existing 
knowledge can enable any man to do more than walk careFully 
round its outer margin, noting where, here and there, some fact, 
more significant than others, seems to give hope of entrance into the 
obscurity within. The particular theory advanced by Mr Darwin is 
but a special form of the old theory of development; spetial in this 
respect, that it professes to point out the particular law under which 
every animal and vegetable form may have been derived from those 
pre-existing, by ordinary generation. One general admission may, 
I think, be safety made in reference to all such theories. They are 
undoubtedly more easily conceived than what is called "creation." 
But this is not saying much. TJie truth is, that creation, of which 
we often talk so easily, is a work of which we have no knowledge 
and can have no conception. Something is known of the laws 
under which organic beings, once created, are enabled to continue 
their existence and to propagate their kind ; and it is, of course, 
comparatively easy for us to conceive some such modification of 
those laws as Mr Darwin suggests, — to suppose that any given 
animal should occasionally produce offspring slightly difierent from 
itself in some one poition of its structure, and that such differences 
should go on accumulating, until finally they end in the most 
divergent forms. But to imagine processes which shall be the most 
easily conceivable goes but a very little way in science ; and, after 
all, the difficulty is but postponed. Mr Darwin himself is ohU^^ 
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to have rocourse at last to the ordinai'j forms of language in wbicB 
the idea of creation is expressed, and speaks of a primordial form 
into which " life was first breathed." In science we may sometimes 
allow the question to be asked, " What is most easily conceivable ?" 
but only on condition that it be followed hard li; the farther question, 
" How much of this easiness of conception is gained at the expense 
of departure from the evidence of facts and the experience of nature?" 
In answer to this inquiry, it may well be doubted whether Mr Dar- 
win has proved one single fact capable of sustaining the very first 
step in his ingenious ai^ument. That argument seems to bo as 
follows: Man has succeeded by " artificial selection" — that is, bj' 
careful "breeding" — in establishing certain modifications in theforma 
of domestic animals. Therefore, similar results may be produced to 
an infinitely greater degree by nature. Only, the principle of selec- 
tion will be different. Man chooses those qualities which are most 
useful to him as master. Nature nill choose those which are most 
useful to the animal itself. But the qualities which are most useful 
to an animal will be those which enable it to survive when its 
fellows and congeners die. If, therefore, any such qualities arise 
ill any particular family or breed, they will be preserved and per- 
petuated. This is a beautiful theory. Bi:t when we ask how 
far the facts carry us towards the "origin of new species," we find 
that there is in i-eality no perceptible advance. The changes pro- 
ducible by breeding, or by "artificial selection," are all confined 
within a circle which indicates a restraining law. 'The changes 
producible by " natural selection" are, so far as we know and can 
observe, under similar, if not under still narrower limitation. As 
regards the first, Mr Darwin himself supplies us with an illustration 
beyond all others striking, of that law of reirersion to type, the 
existence of which he nevertheless disputes. Pigeons are his favourite 
example of extreme modification of form. They have been "bred" 
or selected for three thousand years. Mr Darwin took two of the 
unlikest and most aberrant parents he could select, a black " barb" 
and a white " fantail." The result was, that a grandchild of these 
parents exhibited a close return to the old primal type, the roek- 
pigeon, from which all domestic pigeons originally sprung. Tet 
who knows through how many generations of " selected parents" — 
perhaps from the days of the Pharaohs — this chick had inherited its 
ancestral colours ! Can there be a stronger illustration of that 
restraining law of reversion to type, which, so far as we know, con- 
fines within a very narrow circle, not only the extent, hut the dura- 
tion of aberrant forms of life ? Then, as regards natural selection, 
do we know of any one authentic instance in which new conditions 
of life have been met by such modifications of structure as might 
enable an animal to survive its congeners in the " battle of life ?" 
Our experience in this way is perhaps fully more extensive' than in 
any other. The truth is, that man is himself tho greatest modifier 
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raf the natural conditions under which the lower animals are placod. 
Ho is year by year producing revolutions which might be equivalent 
to centuries of natural change. Nor are these without a powerful 
effect on animal life. Mr Darwin has traced the changes thus pro- 
duced with singular ingenuity and beauty of description. But all 
those changes aro produced by tbe substicutioD of one species for 
another, — never by the modification of the same species to the new 

I conditions which surround it, There need be no dispute that, under 
the law so beautifully traced by Darwin, such modiGcations,i/(Ae^ did 
arise, would tend to survive and be perpetuated. But what we want 
is — facts to justify the supposition that any such modifications do actu- 
ally arise ; such, for examplej as would enable an auiinat adapted for 
marshy land to survive on land which had become dry ; — or arboreal 
forms to survive the destruction of their native forests ; — or land- 
animals to adapt themselves to a country which is being gradually 
submerged. These are all operations of which man has had espe* 
rience, and to some of which he is every day contributing ; yet no 
instance is recorded of nature having ever had any opportunity of 

t exercising in favour of any animal that '' selecting" power which is 
the assumed origin of new species. The Fauna is indeed changed by 
such changes of condition as I have supposed. But that change is 
effected by substitution, not by conversion. One animal or plant in- 
vades the former territory of another. In our own country, foi' 
example, the grouse gives way to the partridge, or the snipe to the 
landrail; or,mDrerarely,the lark may be supplanted by the waders and 
the gulls — the field-mouse and the mole by the water-rat and the otter. 
But ia no case that we know of, or that Mr Darwin has adduced, has 
any wild animal been enabled, by any modification of form, however 
slight, to survive any essential changes in that condition for which it 
was first adapted. And as this is the law which obtains in the present, 
so also it is the law which appears to have obtained in the past. The 
absence of any evidence of the passage of one form into another, dis- 
coverable in the records of former worlds, is confessed by our author 
himself. All his arguments are directed, not to deny this fact, but to 
explain it. It has been truly said, in a very able and interesting paper 

Ion the subject which was communicated to this Society by one of its 
members early in the present year, that "The strongest points in favour 
of the general results come to by Mr Darwin, are a class of facts which 
can scarcely bo said to bear distinctively on his theory more than 
upon various other theories already promulgated, and more or less 
adopted. One of these is the fact that all animals and plants, 
throughout all time and space, should be related to each other in 

group subordinate to group, another not less formidable 

fact is the existence of the same homological parts in diiferetit 
animals, sometimes aborted, and sometimes largely developed." 
The endeavour to explain and account for these strange connections 
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them to the great law of hereditary descent is a very natural suggea- 
tion, and Tor a moment Kcime minds may be disposed to rest in it as 
a kind of explanation. Beduction to a known and familiar law is 
the nearest approach to explanation which science can afford. But 
we must beware of the subtle error which lies in changing a law 
welt known and familiar, into another law entirely unknown and 
new, by ascribing to it effects and operations of which we have no 
experience. If the law of descent by ordinary generation is con- 
sistent with the origin, through this means, of new species, some 
proof must be given of the fact. Until such prouf is adduced, the 
assumed Uw is not that of ordinary generation, but of ejitraofdi- 
nary— of a new kind of generation essentially different from that of 
which we haTO any knowledge. 

It is well worthy of remark, that Mr Darwin holds strongly to the 
doctrine of " single centres of creation" — or as, to suit his special 
theory, they ought perhaps to be called, single centres of birth. Ha 
believes that each new species came into being at some one spot only, 
and that, however wide may he its distribution now, such distribution 
has been due wholly to dispersion. " If the same species," he says, 
" can be produced at two separate points, why do we not find a 
single mammal common to Europe, Australia, and South America P 
The conditions of life are nearly the same." But surely this belief 
in single centres of creation or of birth is not very easily reconcilable 
with the rest of Mr Darwin's theory. The essential idea of that 
theory is, that new species arise from any accidental variety which 
enables the animal possessing it to have some special advantage in 
the struggle for existence. But, as similar niodiGcations of struc- 
ture would in this respect confer similar advantages, at one time or 
other, under some circumstances or other all over the globe, it ia 
impossible to understand why they should not frequently arise at 
many different points, either at once, or in succession. We may freely 
grant, therefore, to Mr Darwin that his reasoning explains to us how 
a given species, once horn, and which begins the battle of life under 
favourable conditions, should rapidly spread, and should extinguish 
its congeners and predecessors, which are less favourably endowed. 
But it gives Ds no soi't of explanation, or even suggestion, of the law 
under which any such new gpecies is Jlrst produced. How such a 
new birth comes to be determined, and above all how it can only be 
determined at some one spot of all the million spots on which the 
same parents flourish, remains as profound a mystery as before ; and 
we have in reality not advanced a single stop towards the " origin 
of species." 

The conclusions arrived at by Mr Darwin are essentially but 
another form of the old theory of development, and as such they 
will meet with the same vigorous resistance. Wc may cordially 
join in the warning of Professor Husiey, that the argnments of 
such a naturalist as Mr Darwin must be met on scientific grounds 
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alone. And jet the difficulty, to use no stronger word, of recon- 
ciling this theory when applied to man, with all tbat we know of his 
physical and moral nature, and all that we have hitherto beiieved 
respecting his early history, is at least one among the many diffi- 
culties which may well call for the most jealous and critical analysis 
of every step in Mr Darwin's argument. Ha himself, indeed, seems 
to feel no difficulty in the matter — lineal doBcent from some early 
fish or reptile — " some ancient prototype furnished with a floating 
apparatus or swimming-bladder " — Mr Darwin regards as the noblest 
claim of ancestry. " When I view all beings," he says, " not as 
special creations, but as the lineal descendants of some few beings 
who lived long befora the first bed of the Silurian system was 
deposited, they seem to me to be ennobled," I am afraid that the 
honour of this pai*en(age, as regards our own species, will not be 
universally appreciated. The question, however, is not whether it 
be "ennobling" or the reverse, but whether it can be proved or 
rendered in any degree probable. Yet, in judging of the sufficiency 
of evidence, it is well to recollect the full weight of the conclusion 
which that evidence must be strong enough to bear ; nor, in this 
point of view, do I think it wholly unphilosophical to bear in mind 
the innate beliefs and instincts of mankind, 

Tt is not, however, my duty or my desire, in this place and on 
this occasion, to enter more deeply into the specifio argument on 
the " origin of species ;" I would rather indicate wherein the discus- 
sion, and the argument which haa raised that discussion, has most 
directly tended to the advance of science. In this respect, it is not 
too much to say that the whole book is full of the most curious and 
original observation, and exhibits in an eminent degree that power 
and habit of arranging and co-ordinating physical phenomena which 
is essential to the attainment of great results, and which it has been 
the special use of such theories in the history of science to evoke 
Bud to direct. In particular, I think no one can read Darwin's 
chapteron the "struggle for existence," or the two chapters on 
" geographical distribution," without feeling that new and important 
light has been oast on subjects which are as interesting as they are 
diJficult and obscure. 
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Plants yiddhig Tea. — I agree with Chnisy, that there is only one 
species of the plant yielding the tea of commerce, for which. I adopt the 
Dame of Thea t-'/tiJiei/ai*, given to it by Linnieua in the first edition of his 
" Species Plantarum," and afterwards sanctioned by Sims and others as 
a ctMlective one for Tlifa Bo/iea, viridis, and A»^nll^ica. The propriety 
of taimg the name " fkinensis" may be open to discusaion, since we have 
no wild specimens of tea from China, but only from Upper Assam; and 
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a. ChineGe tradition of great antiquity states that the Tea-plant was intro- 
duced from India hj tbe Buddhist priests, bo that it is possible we maj 
term a Bpecies " Chinese" that is in reality "East Indian" in its ongin, 
and thus fiirther another instance of " Incus a now lureiido." Dr Hooker, 
to whom I communicated these doubts, thinks that the plant maj yet be 
found wild in North- Western China ; and his intimate knowledge of the 
Flora of India renders that opinion of the utmost value. — Sceiitanii in 
Linneatt Society's Transactions, vol. xzii, p. 330. 

On the Coal-Plantg of Bohemia. By RI. Stdr.— The fossil plants 
from the Coal-basin of Rakonitz (Bohemia) present liftj-three species, 
and may be sabdivided into four distinct local floiw. These species ara 
distributol among twenty-one genera of ten families. 

Calamites, ....... 3 

Asterophyllum, Annularia, Sphenophyllom, . 6 

Neuropteris, Kceggerathio, Schizopteris, Dictjopterifi, . 6 

Sphenopteris, ....... 5 

Asplenites, Pecopteris, Alethopteris, Cyatheites, . 13 

Stigmaria, ....... I 

Sigillaria, ....... 4 

Lepidodendron, Knorria, Lepidostrobus, Cardiocarpon, . 12 

Cordaites, ....... 2 

Fkbellaris, ....... 1 

The following spedee — Calamites eommunis, Anntilaria fertilis, Nag- 
gerathia foliota (particularly frequent around Kakonitz), Alethopftri* 
pteroides, Cy atheitm MUtont, Stigmariaficoiclee, Lepidodendron Sai- 
dingeri, ana L. aculeatutn — as aUo the Sigillariea, occor generally in. 
considerable nmnber as individuals. 

Calamites communis, Annwlaria fertilit, Ct/atlteitei oreopierides, 0> 
Miltoni, C. arhoreaeene, Stigmaria fieoides, Cordaitei horassifolivs, and 
Flabeltaria Sttmbergi, occur both in the shales forming the roof of the 
coal'bed and in those immediately beneath it, so that the flora of both 
these shales may be considered as nearly identical ; and the existence of 
two diitinct Jlorce within the basin of Rakoniia may indubitably be ad- 
mitted : the one of Asterophyllittm, Nen^opteridem, Sphenopteridea, and 
other genera of Filices and LycopodiacetE, containing but a small portion 
of carbonaceous substances ; the other, SigSlarias and Ijepidodendra, 
which have chiefly contributed materials to the coal-bed. Two species 
{Knorria imbricata and Lepidodendron (Sagenaria) Veltheimianfim), 
found in some few fragments within the Rakonitz basin, are charactcristio 
of the lowest strata of the Carboniferous group. 

Tbe flora of this basin bears a striking general resemblance to that of 
Badnitz (known long ago throogh Count 0. Sternberg's splendid publi- 
cations), and to tbe flora of the coal of Zwickau (fjazony), lately de- 
scribed and figured by Professor Geinitz. Some few species, however, 
occurring in the basin of Rakonitz, are wanting in the coal-measures of 
RadnltE ; these are Spkenopteris rulafolia, Aeplenitet cristatiis, Aldhop- 
terie aquilina, Al.pterotdes, At, murtcaia, Cyaikeites Miltoni, Cy. uniiits, 
Cy. dentatas, Slgularia mammillaris, S, ocvlata, 9. eloiigata. — [Pro- 
eetd. Imp. Oeol. In»tit. Vienna, March 13, I860. — Translated in QtMO't. 
Journ. of Qeol. jbr Nov.'] 

Flora of Amoor. — Asa Gray, in bis notice of the Primitice Flora 
Amv/renng, by C. J. Maiimowiez, says — The Amoor flora oBera several 
apedes identical with peculiarly Eastern North American ones: e.g. 
Acer rpiaaium, Filea pumila, AspUnitim thelypteroides, Symploearput 
foetidus! Also several closely representative ones ] such as CaulophyUum 
robuttum, doubtless the same as the Japan plant, which in fruit answers 
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perfectlj to out C thalictroideg, and 1 Btill suepeot not distinct &om it; 
and Maximiyeieiia chin«niis, Rupr. (to wbich evidently belongs ^hie- 
ToeCema japonicwn, Graj), a close coonterpurt of our SckMandra; Acer 
tegtnentosum, very nearly onr A. pennayhankum ; Bytomecon vemalis 
which seems Tery close to our Stylopaoru/m diphyllum; and Flagior- 
liegma dubium, which bsB the look of a monsh'oui dicarpelkry Jeffer. 
sonia. Indeed, good flowers are etill wanting to malce it at all certain it 
is not a Jeffenonia .' 

Very remarkable indeed ia this diviBion of monotypic or nearly mono- 
typic genera or groupa between North-eaatem Asia and North-eoHtern 
America, — of which so eitended a list can now be given, — and very aug- 
gestive is it (at least where the apecicB are identical or nearly so) of a 
comparatively recent communication between the two conntriea. — Silli- 
man't Journal, May 1860. 



On tfte Struchire of the Nortli-west HighXancli, and the relationg of 
the Gneiss, Red Sandet07ie, and Quartzite of Sutherland and Roas- 
thire. By Profesaor Jaheb Nicol, F.G.S. — The author first referred to 
his paper in the " Quarterly Journal of the Geological Society," vol. xiii. 
pp. 17, &c., in which the order uf the red sandstone on gneiss, and of 
quartzite and limestone on the sandstone, was established, and in whioh 
the relation of the eastern gneiss or mica-schist to the quartzite waa 
stated fo be somewhat obscure, on account of the presence of intrusire 
rocks and other marks of disturbance. Having examined the country 
four timea, with the view of settling some of the doubtful points in the 
sections, the author now offered the matured result of his obBorvations, 
He agrees with Sir R. Murchison aa far as the succession of the western 
gneiss, red sandstone, quartzites (quartzite and fucuid-bed), and limestone 
ia concerned, but dificrs from him in maintaining that there is no upper 
seriea of quartzite and limestone, and that there is no evidence of an 
" upward conformable succession" from the quartzite and limestone into 
the eastern mica-slate or gneiss — the so-called " upper gneiss," The 
"upper quartzite" and "upper Hmealone" the author believes to be 
portmns oi' the quartzite of the country, in some cases separated by anti- 
clinaLs and faults, and cropping out in the higher ground, and in other 
instances inverted beds, with the gneiss brought up by a contiguous fault 
and overhanging them. Thia latter condition of the strata, as well as 
other cases where the eastern gneiss is brought up ogabst the quartzite 
series, have, according to the author, given rise to the supposed " upward 
conformable succession" above referred to. In some cases where "gneiss" 
is said to have been observed overlying the quartzite, Profeasor Nicol has 
dstermined that the overlying rock is granulite or other eruptive rock, 
not gneiss. 

The aectiona described by the author in support of his views of the 
eastern gneiss not overlying the quartzite and limeatone, but being the 
same as the gneiss of the west coast, and brought up by a powerful fault 
along a nearly north and south line pasaiug from Whiten Head (Loch 
ErriboU) to Loch Carron and the Sound of Sleat, are chiefly those which 
had been brought forward as affording the proofs on which the opposite 
hypothesis is founded ; and in all, the author finds eruptions of igneous 
roclcB, and other indications of faults and disturbance, depriving them, in 
his opinion, of ail weight as evidence of a regular order of" upward con- 
formable succession." Professor Nicol describes, first, the Durine section 
from Far-out Head to Loch Brriboll, and insists that the gneiss of Fur. I 

out Head does not overlie the limestone, but that the latter is the highest J 

I formation here, and that the country ia much disturbed by north and south J 

faults. 2. At Cama«-an-Duin, intrUEive granulite, where it rises up I 
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beneath the quortzite, involves large pieces of mica-Elate, showing that 
the latter ie the lonest rock. 3. At Arnabol Hill, on the continuation of 
the fault, the quartzite dips apparently below the igneous uaM of the 
bill ; but the openings of the Aiinelid tubes and the ripple marks, be- 
longing to the surface of the beds, are here on the lower faces, ahowing 
revcnaL 4. At Drium-an-teuigh it ia not gaelm, bnt granulite that 
overlies the limefitone and quartzite. 5, At Whiten Head, felspar por- 
phyry intrudes in the line of junction, partly on the quartzite, but chiefly 
on the old slates to the east. The author refers the disappearance of the 
fncoid-bed and limestone (the upper part of the series), and the presence 
only of the quartzite in contact with the eastern gneiss, to denudation on 
a line of fault, He states also that there ore clear sections in this dis- 
trict, north of Heilim Ferry, to show that the so-called " apper quartzite" 
passes regularly under the lime.stone. 6, Near the head of Loch Erriboll, 
the igneous mutter has generally thinned out, letting the quartzite come 
close against the mica-schist ; but when present, whether in mass or in 
Teins, It affects the mica-slate far more thau the quartzite, thus proving 
the schist to be the lower rock. At places the sections are much com- 
plicated by the igneous rock. Above Erriboll House, the section of the 
hill side, passing upwards from l[mestone to fucoid-beda, quartzite and 
mica-schtat, with red felspar veins, is regarded by the author as clearly 
indicative of an inversion on the line of fault ; this he saw also on the 
Ault-na-harra Eoad. 7. East of the Kyle of Tongue are some patches 
of conglomerate lying on the eastern gneiss. These have hitherto been 
regarded as old red sandstone ; bat Professor Niool, on examining them, 
found that they are identical with the conglomerate of the red eandstone 
(" Cambrian " of Murchison) of the west coast. At Cnoc Craggie, quart- 
zite lies on this eastern conglomerate. These remnants are supposed to 
have been preserved from denudation on* account of having been har- 
dened bv the syenitie eruption of Ben Laogh^. 8. At the north- 
west ena of Loch More the bo called " gneiss," overlying the quartzite, 
is eruptive granulite. The quartzite is thin, and has probably therefore 
been dennd^ along the line of fault, 9. At Lochs Glen CoiU and Glen 
Dhu the gneiss does not overlie the quartzite : from a distance it may 
appear to do so, but the ridges are separate, and the so-called " overlying 
gneiss" is sometimes intrusive syenite, sometimes vertical masses of 
granitic gneiss with unconformable strike, 10. The quartzite of X/och~na^ 
Oanvich dtps against the syenite of Glaaven, which mountain is not all 
quartzite, as has been stated, but has syenite with vertical granitic gneiss; 
uie latter underlies quartzite, and is coutiouous with that of Centt«l 
Sutherlandshire. 11. The syenite of Glasven does not bring up any 
limestone under the quartzite, and therefore the latter is the lowest of 
the series here; nor does the limestone of Stronchrubie dip below the 

Juartzite. Professor Nicol traces a synclinal of quartzite and limestone 
■um Queenaig to Brebag. resting at each end on red sandstone and 
gneiss ; and he makes the quartzite of Glasven and Ben More to be the 
ordinary quartzite lifted up and denuded of the limestone, not an " upper 
quartzite. The author states also that some of the so-called " upper 
quartzite" here is granite, and some of it red sandstone (" Cambrian") ; 
and that the " upper quartzite " and " upper limestone" of Loch Ailah 
and Strath Oykil are merely the repetition (on the other side of the 
anticlinal of Ben More) of the limestone of Stronchrubie and Assynt, 
modified by denudation along the line of fault. 13, On Loch Borrolan, 
red porphyry alters the beds. At Cnoc C3iaorinie the limestone series is 
absent, and the mica-slate is brought against the fucoid-bed. Neor Looh 
Ailsh the limestone is in force, but nowhere passes under the gneiss, 
though the latter is seen for a thickness of some hundred feet. 13. To 
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the BOath of the foregoing localities the anticlinikl of Ben More has been 
swept away, the line of junction is in the oontiouation of the synolinal of 
the Gillaroo Loch, and the gneiss is almoet continuous from west to east. 
]4. The section at Craig- na-Cnockan proves the existence of the fault with 
powerful lateral compreesion. IS. Loch Broom gives the author similar 
evidenca, ] 6. At Loch Maree and Gairloch no section shows an " upward 
conformable succession." The limestone is here diminished by denuda- 
tiou along the fault. 17. The mountains east of Loch Torridon show red 
Bondatone and quartzite powei'fully faulted and crushed, and the eastern 



great fault. 19. At Loch Eeeshorn the author sees great disturbance of 
the strata and no " upward succession." 30. In the suuth of Skyo the 
red sandetone {" Cambrian") resta uneonformably on the gneiss, and this 
is identical with that of the mainland {" eastern gneiss. ") 

PrufesEor Nicot further arguee that the mode of the distribution of the 
rocks shows that there is through Sutherland and Ross-shire a real fault, 
and no overlap of eastern gneiss of more than a few feet or yards at 
most; and that the fact of different strata of the quartzite series being 
brought against the gneiss at different places supports this view, and 
points to a great denudation having token place along the line of fault. 
Though the quartzlte is here and there altered by the igneous rocks, yet 
it is truly a sedimentary lock, and so is the limestone ; but the eastern 
gneias or mica-schist is a crystalline rock throughout : this fact, according 
to the author, is inimical to the hypothesis of the eastern gneiss overlying 
the limestooe and quartzite. It has been insisted upon that the strike of 
the western gneiss is different from that of the east ; but the author re- 
marks that the strike is not persistent in either area, and that great 
nents subsequent to the deposition of the quartzite series have irre- 
y affected the wliole region. With regard to mincrulogical cbarac- 
. Professor Nicol insists that both the eastern and the western gneiss 

a essentially the same. Both are locally modified with granitic and 
hornblendic matter near igneous foci ; but no proof of a difference of age 
in tbe two can be obtained therefrom. The alteration in bulk of the 
gneiss in the western area, by the intrnsion of the vast quantities of 
granite now obeervable in it, may perhaps have caused the great amount 
of crumbling and faulting along the north and south line of fault, dividing 
the western from the eastern gneiss — a fault comparable with and parallel 
to that running from the Moray Firth to the Linnhe Loch, and to the 
one passing along the south side of the Grampians. — Proceedings of Geo- 
logical Society, London, Dec. 6, IS 60. 

ZOOLOGY. 

Mammalia atid Birdg of Arctic Jfe/i'ons.— We hare received from 
Sir John Richardson the following eitracts from the correspondence of 
Mr Bernard R, Ross of the Undson's Bay Company ; and, as local lists 
of animals are of much utility in giving correct information of their dis- 
tribution, especially when drawn up by so careful and judicious a natu- 
ralist as Mr Rose, lists of the animals and birds collected are added. 
These animals and birds were collected on the 62d paroUel, or still more 
to the northward, up to parallel 67J, near which the most northerly post 
(that on Peel River) is placed ; — 

20th June 1860. — " I received charge of this district in 1858. It is 
greatly altered sinoe you saw it. There are now missionaries of all 
sects moving about, and a more civilised lone pervades our society. I 

NEW SBRIBS. VOL, Kill. NO. I,— J.VN. 1S61. I 
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am endeavoDricg to improve the place as much as possible, and will, when 
it is complete, have a very nice house, with a real library containing 
above 1000 Tolumes. I have this winter written a longisfa treatiae on 
thefuT animals of this district, all of which, as far as the bears, I have re- 
described; and in doing so I have examined an immense number of skins. 
The most interesting fact is the existence of a species of marten on the 
N. W. Arctic coast, TeBembling more nearly the if. zibillina of Asia than 
the M. americana. The affinity of the blue and white fox has also been 
fully examined into. It is perfect); certain that the colour is not de* 
pendent on the age of the animal, but I incline to the opinion that they 
are varieties of the same species. In all about 800 zoological specimens 
bare been sent out by the officers of this district, of which about 600 
were coutribnted by myself I have, I think, identified all the species 
correctly — at least as correctly as I could by the aid of books alone. 

" In the list there is a Bermcla Batfutonii, which I fancy is new. 
It is fully as large as a Canada goose, has sixteen feathers in the tail, 
two large white spots over the eyes, and the whole forehead is sprinkled 
with Bmaller spottings, A white point runs into the lower mandible, 
which is wholly black in all the other species. The colour of the body 
is darker than in the Canada goose, and the belly is of a bright buff 
colour. The Phctrophanei picU were very numerous this spring, and I 
secured about thirty. The PI. nwalii and PI. lapponicas were also 
md PI. Macownii rarer. 

nithaonian 



Liit of Mammalia, 


31 in nnmber. 


Sorei Richardsonii 

Lynx canadensis 

Cania familiaris, var. lagopus 


Arctomya monai 
„ pruinosos 


Vulpes fulvua 
„ decussatus 


Hesperomys oognatna 
„ myoides 


„ argentatus 

„ lagopns 

„ borealis (blue) 
Muatela americana 
Putorius Richardaonii 


„ Bononensis 
Arvicola Gapperi 
„ riparia 


„ Tisou 
Gnlo luBOua 


Erethison epixanthus 
Lepua americanuH 


Ursua arolos 
Sciurus hudeonius 


Rangifer grfenlandioos 
Aplocerus monlanus 


Tamiae quadrivittatus 
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in ntwiher. 


FaloD spuTeriuB 


Pico ides dorsalis 


Bubo virginianas 
Nyctale Richardsonii 
Sumia ulula 
Pious viUoaus 

Piooides hirsutus 


Spbyrapicua varins 

„ thyroideiu 
Colaptes auratuB 
Empidonax Trailii 

pnsillus 
TurduB PaUassi 
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TuTtJus y wain son ii 


PerifloreuB canadensia 


„ migratoriuB 


Tetrao obBcuruB, Saj- 


AnthuH ladovieianuB 


canadensis ' 


Neocorjs Spragaeii 


Bonaaa umbella , 


Mniotilta varia 


„ Babinii ,. 


Eelmintophaga peregrin a, 


Lngopus mpeatriB 




CharadriuB Tirginicua 


„ testivn 


/Egialitis Beinipalmatua 


„ maculosa 


Strepsilaa interpres 


Setophoga ruticiUa 


Ttinga WilBOnii 


Hirondo lunifrona 


Bonapsrtii 


Cotyle riparia 




Ampelis garrula 




Ccillurio borealis 


flavipes 


Vireo olivaceuB 


Rhyacophilua BoUtarius 


Parua atricapillua 


Tringoides maculariufl 


„ occidentalis 


Tringites nifesoena 


Pinicola canadensis 


Fulioa americana 


Chryaomitria triatie 


Anser hyperboreua 
„ Hutchinaii 


AegiothuB linaria 




BamBtimii 


Plectrophanes aiTalis 


Anas boschas 


„ lapponicuB 


Dafila acuta 


pictua - 


Nettion carol in ens i a 


Macownii 


Mareca americana 


Poocetes graminena 


Fulli affinia 






Gambelii 


albeola 


„ coronaU 




albicoUis 


Pelionetta perspicilkta 


Junco hjemalia 


MerguB aerrator 


Spiiella monticola 


Lams glaucesrenB 


„ socialia 


„ Anderaonii 


MelospUa Lincolnii 




Piasarella iliaca 


Rissa aeptentrionalia 




Xetna Subini 


„ trieolor 


Colymbua torquatue 


Scolecophagua femigineu* 


arcticua 


COTYUS camivoruB 


Podicepa comutus 


Sir John Richardson has also reoe 


ved a letter from Mr Spencer Baird. 


• BECretary of the Smithsonian Institut 


on, from which the following is an 


extract: — 




" We have been malting jtreat efforts to complete our North American | 


coUections from the Arctic Rogio 


la, by sending our taxidermist to ■ 


James' Bay, one collector to Regaletle, and Mr Kennicott to the Mac- | 


kenzie River. The latter gentlemar 


spent last winter at Fort Simpson, ■ 


and the past spring on Great Slave 


Lake at Fort Resolution. He ex- ■ 


peeted to go to the Yukon in the e 


mmer, and is probably there now. ■ 


Aa one of the most induetrioua ODllectors uf our country, 1 have no doubt | 


that he will thoroughly explore his 
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other northern cnllectori and correspond enla, we bave already received 
man; interesting apeciniens, though the best ore still on. the waj. We 
have already had Neotoma cirterea from Fort Churchill, with other rare 
maniraala. Considerable numbers of the large dusky grouse, with en- 
tirely black square tail (Tettao Richardsonii) bare reached na from the 
northern part of the Ronky Mountains, also Tetrao Franktinii, Tetrao 
leucunu, &c. Your Larus brachi/rhifnehus is a well-recognised speoieB, 
and is the same with Laru* Swckle^i, ascertained by comparison of one 
of yonr original specimens with typea of the latter." 

Salmonidie of Fraztr River, Britith ColurnUti The Indians seem to 

understand the migrationa of the salmon. They are deeply interested in 
the matter, for their only food is fish, and they stink of it like oormoranti 
in a atate of decompoaition. They will tell you, in so many moons 
" haiyoo pioh," ahundajice of fish ; or in so many moons, " hayto pich," 
no flsh. There arecerlainly two kinds of salmon which resort to Frazer'a 
River, some say three. I do not know whether they reaort to the riirer 
at the same time or at different seasons. Some assert that the two kinds 
Tisit (he river alternately, one kind one year and the other the next. 
One is called the humpbacked salmon — it is short, thick, with a pig 
back and full shoulders ; the other is tbe common salmon, the same as 
oar own. My opinion ia, that both kinds ascend the river every year, 
bnt every alternate year the hunchbacked or the common aalmon is in 
greater abundance. Their flesh is aimilor — an epicure could not tell 
which was which by the flavour. Thirty-pound salmon are very com- 
mon. They ascend the river in millions, and awarm into all the tribu- 
taries of the Frazer, even 500 miles into the interior, in shoals so thickly 
that it would be difficult to tread on the ground in wading a shallow. 
Where they are scouring, they actually crush each other out of the water. 
As John Mahony would say, a blind man could gaff them for a month 
without missing a stroke* Tbe idea amongst tbe Indiana is, that oniia 
they go up the river they never again return ; that the farther they 
move from the sea the more out of aeaaon they become, till they apawa, 
and then they sicken and die. I cannot learn that the apent fiah were 
ever found in the lower part of the river after descending, and it is well 
known that after the spawning seaaon the apent salmon are to be found 
dead in ahoals on the bonks, and in every pool and eddy, so as to taint the 
air. Both bait and fly have been tried, but I never yet heard of one 
being taken by either. Both river and sea trout are plentiful in the 
Fraier and its (ributariea. It is curious that at all seasons of tbe year 
salmon in any quantity, good and in full season, may be taken in the 
Gulf of Georgia; so that it would appear that every salmon does not 
enter the fresb water and breed every year. I have not seen any 
" gravelling." — Chartera Brew, Eiq., Wnt/iiinsUr, Britieh Columbia. 

Jiemarie on Frctzer River Fiaheries, — In March, a species of fiah 
called tbe sucker is most numerous ; they are good eating, average 2 lb, 
weight each, hut are bony. In April, large salmon are first seen to come 
up the rivar, averaging perhaps '25 Jb. each. In May the smelt abonnds, 
and is largL-r than the fiah of the same name at home, averaging say 5 to 
1 lb. June and part of July very large trout are numerous. From 
August to October there is a run of a smaller description of salmon, ave- 
raging 8 to 10 lb. 1 after this, for six weeks or two months, a description 
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of ealmon called the " hooked-bill " ia taien. This ia not a pretty fish, 
and liiia a. tendency to a red colour. Sturgeon to be bad nil the year. The 
Hudeun'B Say Company purchaje large quantities of ealmaD for exporta- 
tion to the Sandwich Islands, for which tbey pay two cents per lb. I 
have heard as ranch as 3000 barrels of 200 lb. each mentioned as the 
quantity in a season, and that they could have far more if they wished. 
It is expected that a large business nill tie done in the exportation of 
Persons are beginning to understand the value (which is great) 
of the fisheries of British Columbia. It is a most extraordinary, but I 
believe undoubted fact, that every second year the salmon coming up 
the Frazer River are deformed by a sort of large hump, or, as I have 
heard one who earned a livelihood by fishing call it, a " horn bat-k," I 
have seen very many so deformed. It is also asserted by experienced 
I, that there is a greater rush than usual of salmon up the rivers on 
every fourth year. This is expected to take place next season. Last 
n tiro men, one of whom is now employed on the North American 
Boundary CommisBion, took two tons of salmon in one night, and of that 
quantity 104 fish were taken at one drift. — Geo. Stewart Mooney, Royal 

Engineer*. 
Retnarke on Ike Salmon Fisherie* at Vancouver's Island. — The rivers 

(osseas shallows and pools alternately. The bottoms are sandy, and 
afford splendid spawning- beds. The climate, I should say, is much the 
a temperature as that of the same latitudes in France and Urcat 
Britain; a great deal of rain on the plains and snow on the mountains 
during the winter months, Salmon abound in the rivers, and are cap- 
tured in great numbers, both in the estuary and fresh waters. Those 
caught near the heads of the waters are principally speared by Indians, 
for whom they make the staple article of diet, while large numbers have 
been killed by white men with drift-nets nearer the mouths. Puget 
Sound swarms with fish. The drift is, 1 believe, preferred to the bag- 
net. There ia no protection fur the salmon by law. There is no parti- 
cular ownership. The State exercises no control, All of the salmon 
and trout species abound. Sturgeon are numerous and large in Prater 
Kiver, reaching 13 feet in length. Halibut are plentiful in Puget 
Sound. On the coast, and particularly for some distance up the Frazer 
River, the smelt ia to be caught in enormous quantities. This, however, 
is only for a short season. They are so numerous at this particular time 
that two Indians can fill a, canoe in a couple of hours, using a pole fiat- 
tened at one end, and having teeth driven in its edges. This is swept 
through the shoal, the teeth catch in the fish, which are then adroitly 
turned into the canoe. — Q. S. Mooney, Royal Engineers. 



Xanvfacturt of Iron by the Nniivei of Africa. — At one of the meet- 
ings of the Boston Society of Natural History, last March, Dr Hayes 
submitted a, letter from the interior of Liberia, Africa, in which the 
writer says that there is no occurrence there of native iron, as stated by 
him in vols. v. p. 250, and vi. p. 279 of the Proceediugs, 

The piece there described was smelted by the tribe among whom the 
writer resided, who keep the art to themselves, as they find the manufac- 
ture of iron very profitable, the product of their furnaces being held in 
high esteem by the neighbouring tribes, as a tougher and more flexible 
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iron than they can ob^ain from foreign conntries. Tho furnaces consist 
of stacks of about six hj five feet, and about eeren teet bigh, with a flue 
is the centre about two foet long by nine or ten inches wide ; the flue, 
passing to tba bottom of the stack, is filled with layers of coal and ore, 
upon which they force a strong current of air bjf rude cootrivancea ; 
nothing ia allowed to escape but the dross, and a hearier brittle sub- 
stance which they remelt in small furnaces ; the iron ia left to cool in 
the fiimace, which givea it the appearance of ore, with large particles of 
dross adhering to it, much blistered in places, with very rough protuber- 
ances overmuch of its surface. Mauyof these furnaces, with their banks 
of dross, may be seen in the interior of the country. The colour of the 
ore, mostly of mountain character, is between cherry and brownish red, 
like Ted ironstone. Ho had seen pieces of £fty or sixty pounds, the 
result of one blast. They cut the mass, when heated, with their rode axes 
as they do wood, showing the good quality of the article. The ore is 
plentiful in most parts of the country, and of varying quality. The 
masses of iron are in many places sold as they come from the furnace ; 
but in the interior it is forged into pieces resembling a " pudding-stick," 
which are used as a mediuni of exchuige in commercial transactiona in 
the markets uid in private barter. Africa hu doubtless all the iron 
required for her extensive wants, and dense forests for the manufacture 
of the coal to work it. Dr Hayes wisbed, therefore, to correct the error 
in the statement that native iron exiats in Africa, to which he had been 
led by its texture and chemical composition, which were unlike those of 
manufactured iron in containing quartz crystals and magnetic oxide ot 
iron, with no traces of carbon or ita compounds. — ifininij Magazine. 

Acton Copper Mine. — This intereating locality of copper is now 
attracting great attention, and is yielding laige quantitiea of ore. It ia 
about two hours' ride from Montreaj by the Grand Trunk Railroad, and 
altout half a mile from tbe Acton Station. 

The ore occurs in a bed of limestone, and in strata of shale bordering 
it. These strata and the included ores trend nearly north-east and soatfa- 
west, and dip at an angle .of forty-five degrees to sixty degrees to the 
north-west. 

Attention was called to this locality about ten years ago by Sir Wil- 
liam Logan, the provincial geologist, but no exploratinns were made 
until last year, when the soil and drift were removed. The indications 
of copper were much greater than before, and an abundance of copper 
ore was found. An open cut was commenced, and up to this time about 
eighty thousand dollars worth of twenty per cent, ore has been taken out. 
Forty thousand dollars worth of this has been sold, and, according to the 
lessee, about the same quantity of ore remaina on the surface, not yet 
dressed for market. At present the average shipments of ore are two 
hundred and fifty barrels of the twenty per cent., or about fifty tons, 
worth eighty-five dollars a ton. 

The ore is chiefly the variegated copper pyrites, or purple copper, and 
ocoura in seams or irregular patches ramifying through the limestone, or 
disseminated in fine grains or strings through the mass, or in a chertj 
ruck which penetrates the limestone. At the main opening the ore is 
found distributed in this manner through the rock over a breadth of from 
fifty to a hundred feet, and it is also found in the shales on one or both 
sides, in the condition of the yellow sulphuret. The mine is worked 
under a lease, and looks like a great stone quarry. It can be worked in 
this way for a long time ; but two or more shafls have been commenced, 
one in the shales and one in the limestone. Labour is abundant and 
cheap. Good miners can be had at forty dollars a month, and ordinary 
labourers for eighty cents, a day. The ore ia packed in flour barrels. 
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and sent to Boeton via the Grand Trunk Hailroad, and Portland. No 
preparations have yet been made for draasing the poorer portionB of tha 
"3, of which a lar^e amount ie accuranlating. — iliimig Magasine. 

SCefilumite — Brittle Silner Ore— from Washoe. — In commercial samples 
of the sOTcr orea from the Washoe mines cent to New York, \ ha^e 
found fine specimenB of brittle rilyer ore, or Stephanite, in imperfeot 
crystals, weighing from one to three ounces. Before the blowpipe it 
gives a large globule of Bilver, and decided reactions for antimony, ar- 
senic, and copper. This mineral contains about sixty-eight per cent, of 
silver, and is probably the principal form in which tbe silver occurs with 
the other minerals of the vein. In most of the massii^e specimens of the 
ore where galena is the principal mineral visible, small filaments of virgin 
silver may be seen in the cavities, or ramifying through the mass. This 
silver probably proceeds, in part at least, from a change in the Stephanite, 

This spBcies is found, with other ores of silver, in the principal silver 
mines of Europe, at Zacatecas in Mexico, and in Peru. This is the first 
time it baa been observed within the limits of the United States. — W. P. 
Blake. — Mining Magazine, 

Origin of the AlheH Coal of Neiii Brunsmick. — At one of the recent 
meetings of the Academy of Natural Sciences of Philadelphia, Professw 
W. B. liogers communicated the result of observations which he had 
made within the last year on the structural and geological relations of 
the Albertite, or so called Albert Coal of New Brunswick. 

An examination of the mine afforded, as be thought, convincing proof 
that this remarkable accumulation of asphaltic material could not have 
formed a part of the regular carbonaceous deposits of the region — that it 
is not, and never has been, a true bed or stratum, but that it should 
rather be regarded as a mass collected within an irregular fissure of sub- 
sequent formation, by tbe distUlation or infiltration of asphaltic matter 
from the surrounding bituminous shales. 

The principal features of the deposit pointing to aueh an origin are, — 
the very limited extent of the mass loDgitudinally traced — its sudden and 
great irregularities of thickness and trend — and the yet more striking 
fact of its transverse direction in many parts of its course, as compared 
with the bedding of the adjacent rocks. In the lower level, at a depth of 
about four hundred and sixty ft^et, where tbe combuEtibte material has 
been removed almost entirely from end to end, the slaty rocks are seen 
in many places abutting against the sides of the mine at a, steep angle, 
presenting frequently a jagged surface, such aa would result from a trans- , 
verse fracture and a gaping of the strata. The Albertite was seen ad- 
hering to these irregular surfaces, as well in the cavities as on the projec- 
tions, afTording, even in hand specimens, excellent examples of the dis- 
cordance of the mass as to position with the stratification of the contigu- 

It is worthy of note that the material thus adhering to the walla of tbe 
mine has none of that intermixture with earthy sediment which so often 
marks the contact of regular coal seams with the enclosing strata, but 
maintains the same remarkable purity as in the midst of tbe mass. It 
is, moreover, quite free from the carbonaceous and rocky debris, and 
other marks of mechanical violence which it must have presented had it 
originated in the dislocation and displacement of a coal seam originally 
conformable with the stratification of the neighbourhood. 

These evidences of the nature and origin of the deposit are confirmed 
by the statement that, in the progress of the mining, several large frag- 
ments of the vertical wall-rodt have been found detached and embedded 
in the midst of the Albertite. and on one occasion a mass of unusually 
great dimensions could be traced by correspondence of form to a cavity 
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in the wall at Bome distance above, from which it would seem to have 
fallen, while the conlenta of the fissure were etill but imperfectly 
solidified. 

The oondnsionB of Profosaor Rogers as to the origin and natare of 
this remarkable deposit are thus completely in hannonj with those which 
Professor Leidj has maintained on the ground of a microscopic eiomiita- 
tion of the material, — Mining Magazine. 

Pflroleura Well), or Oil Springs of Western Pennsyleaaia, — Accord- 
ing to letters received hy Professor It, E. Rogers, it appears that some 
of the Petroleum wells of Western Pennsylvania had already b^nn 
to show a diminished yield of oil. This fact ia in con firm at Ion of an 
apprehension whichhehadexpreseedat a fonner meeting of the Academy, 
that when Artesian borings became more numerous in the favourite locali- 
ties, there was a probability of such a result. Professor Rogers regards 
the circumstance of even a small reduction in the supply of the oil from 
any of the wells at this early stage of the enterprise in that region as 
very significant, and suggestive of the fear that, remunerative as these 
wells may at present prove to be, it may not be prudent to base permanent 
calculations upon them. — Proceedings Penii. Acad, of National Sciences, 
May 18S0. 

Diamond Depnsils of India. — In a notice of a. recently issued volume 
of the " Memoirs of the Geological Survey of India," the Athemsum 
gives the following abstract of descriptions of the mode of occur- 
rence of diamonds : — 

The great majority of the diamond diggings are diluvial. Against 
the sides of the outlaying ledges there are deep deposits of " kunkurrj " 
and chloritic clay, in which great pits arc dug in order to get at the layer 
of coarse subangular cherty gravel, in which diamonds are to be found. 
The most interesting of the diluvial mines are those of Udesma and 
Sftkeriya. The former are in active work ; but water often ficda its way 
into the pits. Here, the best material is a stiff unctuous clay with ^nartz 
gravel dispersed through it. There ore other diamond workings in the 
gorge of t^ie Boghin, which most be alluvial, as the entire excavation is 
to be attributed to the action of a river. The natives remove some 
twelve feet of dark brown clayey sand to get at the boulder bed, in the 
base of which diamonds ore found ; but both here and below the narrow 
gorge the gravel at the surface of the river bed is much worked. Here- 
abouts, some twenty years ago, a European made an attempt at mining 
on a large scale, but with what suceeHS is yet to be discovered, although 
the remains of his wash-pits and picking-floors still testify to his enter- 
prise. The author says little to encourage future undertakings of this 
kind, and, in fact, it is difficult to say how far the aagacity of the natives 
may have rightly determined the precise limits of the diamond rock. 
Within certain areas the ground ia almost exhausted, and the natives 
never attempt rock divings beyond these areas, probably for sufficient 
reasons. Yet it seems warrantable to infer that not a few gems "of 
purest ray serene" are distributed over this pebbly conglomerate, and 
mingled with the dilurium and alluvium of the neighbourhood. The 
limits of the rock-deposit should he traced, as in this part of India the 
rock diggings for diamonds are the most vulued. 

OBITUARY. 

Obituary of Mr Espy. — At a recent meeting of the Regents of the 
Smithsonian Institution, Washington, U.S.A., Professor Bache made the 
following remarks ; — 

James P. Eapy, one of the most original and successful meteorologists 
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Obituary of Mr Espy. 1 GO 

of Ite ptesetit time, died in Cincinnati, Ohio, o 
1660, in the Beventy-fifth year of his age, after i 
tha residence of his nephew, John Weatcott, 

The early career of Mr Espy aa an inBtruotor was maried by the 
qualities which led to his later diatinction in Boienoe. He was one of the 
best classical and mathematical instmctora in Philadelphia, which at that 
day numbered Dr Wjlie, Mr Sanderson, and Mr Crawford among its 

Impressed by the researches and writings of Dallon and of Daniell on 
meteorology, Mr Espy began to observe the phenomena, and then to ex- 
periment on the facts which form the groundwork of the Bclence. As 
he observed, experimented, and stodied, his enthusiasm grew, and bis 
desire to devote himself esclusively to the increase and diffusion of the 
ecience finally became so strong that he determined to give up his school, 
and to rely for the means of prosecuting hia researches upon his slender 
savings and the success of his lectures, probably the most original which 
have ever been delivered on this subject. His first course was delivered 
before tho Franldin Inatitnte of Pennsylvania, of which he bad long been 
an active member, and where he met kindred spirits, ready to discuss 
the principles or the applications of science, and prepared to extend Iheir 
views over the whole horizon of physical and mechanical research. As 
chairman of the Committee on Meteorology, Mr Espy had a large share in 
the organisation of the complete system of meteorological observations 
carried on by the Institute under tho auspices and withio the limits of 
the State of Pennsylvania. 

Mr Espy '9 theory of storms was developed in successive memoirs in the 
Journal of the Franklin Institute, containing discussions on the changes 
of temperature, pressure and moisture of the air, and on the direction and 
force of the wind and other phenomena attending remarkable storms in 
the United States and on the ocean adjacent to the Atlantic and Gulf 
Cuast. Assuming great simplicity, as it was developed and founded on 
the established laws of physics and upon ingenious and well-direoted 
original experiments, this theory drew general attention to itself, espe- 
cially in the United States. A memoir submitted anonymously to the 
American Philosophical Society of Philadelphia gained for Mr Espy the 
award of the Magellanic premium in the year 1836, after a discussion 
remarkable for ingenuity and closeness in its progress, and for the almost 
ononimity of its result. 

Mr Espy was eminently social in his "mental habits, full of bonhomie 
and of enthusiasm, easily kindling into a glow by social mental action. 
In the meetings and free discussions in a club formed for promoting 
research, and especially for scrutinizing the labours of its members — and 
of which Sears C. Walker, Professor Henry, Henry D. Eogers, and my- 
self were members— Mr Espy found the mental stimulus that be needed, 
and the criticism which he courted, the best aids and checks on his obser- 
vations, speculations, and experiments. But there was one person who 
had more influence upon him than all others besides, stimulating him to 
progress, and urging him forward in each step with a zeal which never 
flagged — this was his wife. Having no children to occupy her care, and 
being of high mental endowment and of enthusiastic temperament, she 
found a never failing source of interest and gratification in watching the 
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development of Mr Espy's Bcientific ideae, tbepFogreasof liu eiperinieiitg, 
and the resulte of his reading add studies ; the collection and collation 
of obseTTatioDa of natural phenomena in the poetical region of the atorm, 
the toTuado, and of the aurora. Mrs Espy's mind was essentially liter- 
ary, and she could not aid her husband in hia scientific inq^uiries oi ex- 
periiaenta; her bealth was delicate, and she could not assist him in hia 
out-door observations ; but she supplied what was of more importance 
than these aids — a genial and loving iuterest ever manifested in his pur- 
suits and successes, and in his very failures. Alere fiammam was the 
office of her delicate and poetical temperament. Younger than Mr Espy, 
she oeTertheless died several years before him (in 1850), leaving him 
to struggle alone in the decline of life vithout the sustaining power of 
her devoted and enthusiastic nature. 

Having in a great degree matured hia theory of storms, — having made 
numerous inductions from observations, and having written o. great deal 
in regard to it, — Mr Espy toot the bold resolution, though past middle 
age, to throw himself into a new career, laying aside all ordinary em- 
ployments, and devoting himself to the diffusion of the knowledge nbich 
he had collected and increased, by lecturing in the towns, villages, and 
cities of the United States, This proved a sncceasful ondertaking, and 
by its originality attracted more attention to his views than could have 
been obtained, probably, in any other way. He soon showed remarkable 
power in explaining his ideas. His simplicity and clearness enabled his 
bearers to follow him without too great effort, and the eamestneas with 
which he spoke out his convictions carried them away in favour of his 
theory. The same power which enabled him to succeed in his lecturing 
career, procured subsequently for Mr Espy the support and encourage- 
ment of some of the leading men in Congress, and especially in the Senate, 
and also in the executive deparlments. Their attention waa arrested by 
the originality of his views and his warmth in presenting them, and 
he imparted so much of his conviction of their truth as to induce many 
of onr statesmen and official persons to exert themselves to procure for 
him, under the patronage of the government, continued opportunities for 
study, research, and the comparison of observations. To the consistent 
support of his scientific friends, and particularly of the Secretary of this 
Institution, Mr Espy owed also much in obtaining the opportunities of 
keeping in a scientific career. His reports to the Surgeon -general of the 
Army, to Congress, and to tho Secretary of the Navy, are among hia latest 
efforts in this direction. 

The earnest and deep convictions of the trath of his theory in all its 
parts, and Iiis glowing enthusiasm in regard to it — perhaps, also, the age 
which he had reached — prevented Mr Espy from passing beyond a. certain 
point in the development of his tlieory. The same constitution of mind 
rendered his inductions from observation often unsafe. Uis views were 
positive and his conclusions absolute, and so was the expression of them. 
He was not prone to examine and re-examine premises and conclusions, 
but considered what had once been passed upon by his judgment as 
finally settled. Hence his views did not make that impression upon 
Dooler temperaments among men of science to which they were entitled — 
obtaining more credit among scholars and men of general reading in our 
country than among scientific men, and makbg but little progress abroad. 
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Feeling that his bodily vigour was failing, and that hia life must eoon 
dose, the Secretary of the Smithsonian Inatitation induced him to re- 
examioe the rarious parts of his meteorological theories of stoTins, tor- 
nadoes, and wDteispouta, and to insert in bis last report, while it was 
going through the press, an account of his moat mature viewa. 1 trust 
the Secretary will, in one of his reports, give us a thorough and criti- 
cal examination of the norha and services of this remarkable contributor 
o a branch of science, the knowledge of which the Sintthsouian Institu- 
tion has already done so much to advance and to diffuEe. 

On (he motion of Professor Bache, the follon-ing resolutions were 
adopted : 

Mesohed, That the Eegenta of the Smithsonian Institntlon have 
learned with deep regret the decease of James P. Espy, one of the most 
useful and zealoua of the meteorologista co-operating with the Institution, 
and whose labours^ in both the increase and diffusion of knowledge of 
meteorology, have merited the highest honours of acience at home, and 
have added to the reputation of our country abroad. 

Retolved, That the Regents offer to the relatives of Mr Espy their 
sincere condolence in the loss which they havo sustained. 

On the motion of Mr Pearce, it was resolved that the remarks of Pro- 
fessor Bache be entered in the Proceedings. 



PUBLICATIONS RECEIVED. 

Experiences of Forty Years in Tasmania. By Hugh M. Hull, Esq. 
—From the PuUUhen. 

First Report of a Geological Reconnoissance of the Northern Counties 
of ArkansaB. — From the State of Arkansas, through the Smithmnian 
Institution. 

Description of a Deformed Fragmentary Human Skull, found in an 
Ancient Quarry-Cave at Jerusalem. By J. AiiaEN Meios, M.D. — Fram 
lite Author. 

Transactions of the Academy of Science of St Louis. Vol. I., No. 3, 
1859, — From the Academy. 

Smithsonian Report for 1358. — From the Snitftsonioii Institution, 

Report of the Geological Survey of the State of Iowa. Vol. I., Parts 
1 and 2. — From the Stale of Iowa. 

Report by the Superintendent of the United States Coast Survey for 
1357. — From Professor Bache. 

'' Journal of the Asiatic Society of Bengal, No. 2, 1860. — From tlie 
Editors. 

The Canadian Naturalist and Geologist. August and October 1860. — 
From tlte Socktfj. 

Baiter on Organic Polarity. — From the Author. 
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The Six Months' Seasons of the Tropica. By Jau£s Lees. — From tfie 
Puhluhera, 

Pwceedings of the Academy of Natural Sciences of Philadelphia. 
March and June 1860. — From the Academy. 

Proceedings of the Literary and Philosophical Society of Manchesier, 
October and November 1S60. — From ike. Society. 

The ProgreBsive Screw as a Propeller in Navigation. By Julian Jobs 
Ekvy, C.E. I860.— JVom the Author. 

Quarterly Journal of the Chemical Society. July 1860. — From the 
Satiety. 

The Typical Character of Nature ; or. All Natare a Divine Symbol. 
By Dr Thos. A. G. Ealfoub. — From the Atdkor. 

Species not Transrautable, nor the Result of Secondary Causes. By 
Dr BiLEE. — From (7w Author. 



EEEATA IN VOL. XII. 

The following Errata in Dr Daubenj'a paper utb owing (o hia hiving been abwnt 
on ths Continent, and nob having had an opportuoity of revising the proo& when 
they were pnsBing througli the press. 

Page 173 line 20 from foot, for Profeesor of Chemistry read! Professor of 
Botany. 

„ 173 )> 14 from toot,fi\r found read formed, 

„ 174 I, 13 and 39 from top,/or Duperry read Dufrenoy. 

,, 174 „ 14, _^or geologist, would take read geological world, took. 

„ 176 „ l,for Voilet aJid Boplarge read Virlet and Boplaye, 

„ 176 „ 17,/iJi' general upheaval read ground npheaved, 

,, 177 II 4, ./in" Pestal and Lenz read Pdstel and Linz. 

„ 177 ,, 13, /or march rsoiii mantle. 

I, 178 „ 13, /or some rf ad none. 

„ 178 „ 31and33,/orCommenireodOammeni. 

„ 179 ,1 S3, for appearances read appearance. 

„ 180 I, 8, /or Caldron reaii Caldera. 

,, 180 ,, 20, for vicinity read viscosity. 

,1 181 „ 36, /or Manna reaij Mouna. 

I, 183 „ 11, /or fast read fresh. 

„ 182 I, 18,/or eruption read eruptive, 

„ 182 „ 33,/or effected !-«ad affected. 

„ 184 „ 4,/or to hurry read of hurrying. 

„ 184 „ Hand 14,/or Cental read Cantal. 

,, 184 „ 13,/or these J-eiKi three, 

„ 184 „ 14, /or Meyer read Mezen, 

„ 195 „ 24,/orl843reodl84S. 
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Notes on the Silver produced in Cornwall. Cominiiiiicated 
by William Jory Kenwood, F.E.S., F.G.S., &c.* 

It may not be without interest to present at one view the 
notices of Cornish Silver and Silver ore which have been 
scattered by many hands through different publications. 

" Silver found in Cornwall unmixed (I mean free from tin, 
copper, or lead), I have never seen but onco, and that was 
found native, about the bigneas of a walnut (of which I have 
part), in Huel-cock, a copper-work in the parish of St Just." 
(Borlase, Natural History of Cornwall, 1758, p. 209). 

" In the vein formerly worked at Huel Mexico, the ore ap- 
peared ... as insulated masses or nesta, and beside native sil- 
ver,eorneous ore (muriate of silver) was also met with." (Berger, 
Geological TranEactions,\. p. 171). Huel Mexico, inPerran 
Zabnloe, " produced considerable quantities of rich horn-silver, 
and . . . some fibrous native silver waa found in the Go8aan."t 
(Lysons, Cornwall, ccx. Came, Cornwall Geol. Trans. 
i, p. 121), " About thirty years ago, a lode of silver was dia 
covered near the sea, between St Agnes and St Michael 
and the mine, which was called Huel Mexico, produced abov( 
L.2000 worth of ore."l (C. S, Gilbert, Historical Survey o, 
Cornwall (1817), i. p. 218. Rashleigb, British Minerals 
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174 Mr W. J. Kenwood's Notes on the 

ii. p. 19, plate xvi-) About fifteen years since, a few small 
bunches of exceedingly rich silver ore (particularly horn- 
silver, or muriate of silver, a very rare production) were raised 
in Cubert pariah. Maoy of these pieces were finely crystal- 
lized ; but the most beautiful specimen is in the cabinet of 
John Williams, Esq., and has been represented and described 
in that elegant work of Mr James Sowerby, the "British 
Mineralogy," for 1808. (C. S. Gilbert, Historical Survey of 
Cornwall {\^r})>\.^.2\d). 

" At Herland in Gwiner, the silver cross-course, between 1 10 
and 142 fathoms deep, afforded for some distance, on either 
side of the Main {Manor) lode, which it interseeta, a mixture of 
galena, native bismuth, grey cobalt-ore, vitreous silver-ore, and 
native silver ; of which about 108 tons were raised. The richest 
mass of silver ore was found at but two fathoms above the level 
at which it disappeared." (Hitchin's Philosophical Transac- 
tions, 1801, pp. 159-163. Bergcr, Geol. Trans, i. p. 171. 
William Phillips, Geol. Trans, ii. p. 152. Lysons, Cornwall, 
ccx, Polwhele, Cornwall, iv. p. 134, C. S. Gilbert, Coi-nwalt, 
i. p. 218. Carne, Cornwall Geol. Trans, i. p. 121 ; ii. p. 113. 
Kees' Cyclopcsdia, Article " Silver," xxxii. De la Beche, 
Report on the Geology of Cornwall, &,c., p, 288). 

The Quatttities of Ore, the Proportions of Silver they contained, 
and the Sums realised by their Sale, were — 
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115 15 3 £5649 8 

(Alfred Jenkiu, Esq., of iicdruth, the Landowner's Steward. MSS.) 
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Silver produced in Cornwall. 

" Abandoned for a while, the works were reBumed in 1825, 
and when the silver croaa-courae, wrought to a greater depth, 
again afforded ama 
Cornwall Geot. Tr< 

DlltB. 

1838, Feb . 
Aug. . 
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ore 


" (Hen wood 


8. v., Table 


xxxiv.), 
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0-006946 



(Edward Michell, Esq., of Penpol Smelting Works, MSS.) 

At the adjoining mine, " Hnel Alfred, in 1813, some native 
silver was found, appearing aa if plated on the copper-ore, 
but in so small a quantity aa not to be worthy of notice." 
(Came, Cornwall Geol. Trans., \. p. 123). " Nacive silver 
is accompanied by red, grey, and black silver-ore, in Huel 
Alfred." (William Philiipa, Mineralogy, third edition, p, 
285). " Hnel Alfred, in Phillack, haa produced native silver 
in green carbonate of copper." (Michell, Manual of Miner- 
alogy. Truro 1825, p. 20.) 

" Huel Ann, in Phillack, furnished in 1814 a small bunch 
of blackish-grey silver ore, containing a great deal of arsenic 
and spathoae iron, and accompanied by native silver, at the 
sixty-five fathoma level, in an east and west copper lode. 
In the aeventy-five fathoma level, the silver ore appeared 
in the midat of the copper lode, aa a separate lode from 
two to five inches wide. . . . Some fine epecimena of fibrous 
native silver were found in this level ; but these, as well as 
the ore, proved of very short duration," (Came, Cornwall 
Geol. Trans., i. p. 124 ; ii. pp. 105, 120). " Huel Ann has 
produced native capillary silver, with surprising fineness of 
fibre, in tin-white and grey cobalt, and grey silver, in arseni- 
cal pyrites." (Michell, Manual of Mineralogy, p. 20). ■' In 
Doicoath, in 1810, some grey silver ore, intimately united 
with cobalt ore, together with a little native silver, were found 
in the sixty fathoma level, in the copper lode, very near a 
small erosa-couree." (Came, Cornwall Geol- Trans-, i. p. 
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122. William Phillips {Mineralogy, third edition, p. 288. 
Michel], Manual of Mineralogy, p. 20). " In the South 
Entral Lode at Dolcoath, much native silver.as well aa vitreons 
and red silver ore, were mixed with galena, blende, and with 
still larger quantities of iron and copper pyrites, quartz, and 
slatj clay." (Henwood, Cormuall Geol. Trans., y. p. 66, 
Table 1.) 

The Silver Ores sold/rom this part of the Mine were ; — 



39 17 2 £1740 3 i 

Beside which, more than one thousand three hundred pounds 
were realised from ore smelted at the mine. Entral South 
Lode has therefore yielded more than three thousand pounda 
worth of silver," (Captain Charles Thomas, manager of Dol- 
coath Mine, MSS.) " The noble family of Basset, lords of 
the land, preserve as an heirloom at Tehidy, a splendid piece 
of plate manufactured of silver raised at Dolcoath, which was 
presented to the late Lord de Dunstanville, by the adventurers 
in that mine, as a testimony of their gratitude for his liberality 
in relinquishing his Lord's dues, whenever the poverty of the 
concern rendered further outlay necessary." (Henwood, Corn- 
wall Oeol. Trans., v. p. CG, Note.) 
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" The silver ore of North Dolcoath, an adjoining mine, af- 
forded.during 1859-60,0-003011 its weight of metal." (Captain 
Joseph Vivian, manager of North R^iskear Mines, MSS.) 

Mr Came states, that at Huel Basset, in lUogan, a small 
croaa-courae, traveraing the lode, afforded in 1 813, vitreous sil- 
ver-ore, some of which yielded (0-018360 its weight) six hun- 
dred ounces of silver per ton, at and within about sis feet on 
either side of the intersection {Cornwall Geol. Trans., i. p. 
124) ; and Mr William Phillips observes, that silver ore worth 
three thousand pounds was obtained there. {Mineralogy, third 
edition, p. 236), Mr Martyn, the sole survivor of those who at 
that time, and long afterwards, were agents at Wheal Basset, 
says, that during his connection with that mine, silver-ore was 
discovered hut once, — that the quantity was very trifling, the 
(luality such that for several years no purchaser could be found, 
— and at length it realised only a small sum. He adda, that 
there was neither record nor tradition of any similar discovery 
having been made previoualy. The late John Williams, Esq., 
of Scorrier House, had the entire direction of Wheal Basset, 
during this period. His account-books, examined in aid of 
this inquiry, fully confirm the accuracy of Mr Martyn's recol- 
lection ; and show that the silver ore raised in 1813 was not 
disposed of until 1827, when it was sold for L.15, 12s. 4d. only. 

" Silver ore is thinly dispersed through {gossan) siliceous 
earthy-brown iron ore, in the shallower parts of Treskerby, 
near Redruth. In 1827, a parcel of it realised L,15, 14b. 4d. 
At the same time a smaller quantity of similar ore from the 
adjoining mine of North Downs was sold for L.3, 43. 9d." 
(William Williams, Esq, of Tregullow, MSS.) 

The ancient mine of Bal-Dhu, near Truro, affords enor- 
mous masses of the same ore, which have been, from time to 
time, largely wrought for the scattered particles of silver 
ore they contain. 

" Huel Duchy, in Calatock . . . one of the principal silver 
mines . . . has already produced about L.4000, and promises 
to be yet more profitable. (Lysons, Cornwall, ccx.) " Wheal 
Duchy, in Calstock (discovered in searching for copper), has 
been worked with success. The whole lode ia from 6 to 12 inches 
wide ; the part containing silver from 1 to 4. It ruua east and 
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west — the direction of other similar veins in the neighbour- 
hood. Some of the ores contain from 60 to 70 parts in 100 (0'6 
to 0-7) of pure silver. About L.5000 worth of silver, a year or 
two ago, had covered expense of the undertaking in its early 
stages." (Polwhele, Cornwall, iv. {1816), p. 134.) Some 
silver works are still kept open at Calstock by the name 
of Wheal Duchy, from which the cup presented to the Duke 
of Cornwall, in the year 1812, by Benjamin Tucker, Esq., was 
extracted." (C. S- Gilbert, Cornwall, i, p. 219). "At Hnel 
Duchy, near Callington, in a lode inclining to the north-east 
and south-west, and from one to three feet wide, in which the 
adventurers were searching for copper, detached lumps of 
silver ore and small banches of native silver were found at the 
adit. In the ten-fathoms level there was a regular course of 
silver ore, accompanied by native silver, for nearly three 
fathoms in length, yielding above L.200 worth per fathom. 
This was its richest part. In the twenty-fathoms level some 
native silver and bunches of silver oro were found, but the 
lode had there declined in value. In the next deeper level 
the silver was exhausted. The ore consisted chiefly of red 
and grey silver and black oxido of silver. The value of the 
silver produced was about L.3000." (Carne, Cornwall Qeol. 
Trans, i. p. 122.) After this the mine remained many years 
unwrought, but in 1833 it was reopened under the name of 
^Vheal Brothers. (De la Bcche, Report on Cornwall, ^c, 
p. 613. Henwood, Cornwall Geol. Trans, v. p. 140, table 
xciii,) " Portions of argentiferous earthy brown iron ore 
(silver-gossan) left by the former adventurers in shallow parts 
of the mine, were now extracted and sold for between L.150 
and L.200 per ton. But so greatly did the ore differ in 
quality, that some parcels of it brought no more than L.2, 
and others, containing 0-059976 their weight of silver, as 
much as L.500 per ton in the market" (Captain Knott, of Cal- 
stock, MSS.) " At the thirty- fathom level, masses of native 
silver, weighing many pounds each, occurred in a part of the 
lode which was worth from L.500 to L.600 per fathom. But 
great part of the ore, when brought to the surface, contained 
only eight to ten ounces {0-000245 to 0000306, its weight), 
although when (dreeeed) prepared for sale, it yielded sixty 
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ounces (0'001836 its weight) of silver per ton," (Peroival 
Norton Johnson, F.R.S., F.G.S. MSS.) 

" Wheal Sistera, opened also in 1833, on an eastern part of 
the same lode, afforded ore which, resembling for the most 
part that of Wheal Brothers, contained from 0'000456 to 
007344 its weight of silver. Portions of it were, however, 
mixed with from 0-15 to 020 their weight of lead. Small 
quantities of the silver ore were sold at twenty shillings a 
pound; and some parcels found a market at from L.400 to 
L.500 per ton, but the ordinary price was between L.30 and 
L.50." (Captain Knott, an agent of the mine. MSS.) 

Wheal Saint Vincent yielded great quantities and many 
varieties of silver ore from a parallel lode south of that wrought 
at the same time in the neighbouring mine of Wheal Duohy ; 
but, no longer affording profit, it was closed in 1824, If 
accounts of the produce still exist, they are inaccessible. 

In 1835, the works then named the East Cornwall Silver 
Mines were reopened, but after an unsuccessful trial of about 
two years, they were again abandoned. During that period 
they yielded the undermentioned ores: — 



1857, Sept. 



(Edward Michell, Esq. MSS.) 

" The same mine was opened a third time in 1848 under 
the name of Wheal Langford, but silver ore became less and 
lead ore more abundant as the works were deepened. For 
" several years the ore afforded from 0001224 to OOC0466 its 
weight of silver, and its price ranged between L.IO and L.550 
per ton. A parcel weighing 2 tons 6 cwts. 2 qrs. 6 Iba., 
realised in June 1855 L.1184, 15a. 9d," (Captain Knott, an 
ageut of tbemine. MSS.) 

" Wheal Mexico, wrought to an inconsiderable depth on an 
eastern part of the same lode, during 1847-8, afforded the chlo- 
ride of silver largely mixed with slaty clay, granular quartz, 
and the carbonate of iron. Some portions of the ore contained 
U00I224; others, 002631(!, their weight of silver. The prices 



Weight or Ore. 
Tom. cwts. qrs. lbs. 


of Silver. 


17 1 


0-002708 


6 3 


0-009118 


4 14 


0-030263 
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ranged from L.5 to L.200 per ton ; but small quantities free 
from impurity were aold at L.2, 10a. per (avoirdupois) pound." 
fCaptain Knott, manager of the mine. MSS.) 

" About four mileg to the south-east of Callington, a silver mine 
Rituate in a rock of killas or chloride- si ate. The vein was first 
worked for copper, but native silver and lead ore were discovered 
in it. The mine is called Huel Jewei ; the thickness of the vein 
rarely exceeds three or four inches. In many of the cavities 
were found a considerable quantity of capillary native silver, 
with galena, red silver ore, and sulphuret of silver. The ores 
were exceedingly rich, and promised ... an ample recompense 
to the adventurers." (Rees, Cyclopcedia, xxvi.; "Silver.") 

" In Willsworthy mine, on the border of Devon, the lode is 
about twelve inches wide, bearing N.N.E. and S.S.W., and 
underlies two feet and a-half per fathom to the south. In the 
ten-fathoms level, a vein of white and amethystine quartz 
divided the lode; between this vein of quartz and the lower 
or northern wall of the lode, was found a vein of rich arsenical 
cobalt ore, combined with native capillary silver, in a ferru- 
ginous matrix from three to six inches wide. The space between 
the vein of quartz and the higher or southern wall of the lode 
was occupied by a vein of rich yellow copper ore from six to 
nine inches wide. The silver continued about two fathoms in 
length. The copper was not so soon exhausted. The speci- 
mens of native silver from this mine have eclipsed all that have 
ever before been found in Cornwall, both in size and beauty." 
(Carne, Cornwall Geol. Trans, i. p, 124. William Phillips, 
Mineralogy, 3d edition, p. 285. Mitchell, Manual of Miner- 
alogy (Truro, 1825) p. 21. Greg and Lettsom, Manual of 
Mineralogy (London, 1858), p. 240.) 

" Native silver, dendritic and in elongated octohedral crys- 
tals, and also capillary native silver on arragonite, have been 
obtained from Levant near Penzance." {Came, Cornwall 
Geol. Trans, vi. p. 48. Garby, ibid. vii. p. 87.) 

Arsenical silver ore has been discovered in quartz near Cam- 
borne; and native silver in copper pyrites at Crennis near St 
Austell; in siliceous earthy-brown iron ore {gossan), at the 
Fowey Consolidated Mines near Fowey ; and in galena at Wheal 
(Providence); Tremayne, near Haylc ; but in each of these in- 
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Highest price of ore, £5120 per ton. 
Lowest „ 10 0,, 

Average „ 11 16 8 „ 

(Compiled from the Mine-books by favour of W. J. Eawlinga, 

fHayle.) 

At Trebisken-green, near Truro, a lode oblique in direction 
to the large iron vein ao well known in the same neighbour- 
hood (Henwood, Cornwall Geol. Trans, v. p. 108), affords 
irregular masses of rich ore. This, for the most part, is 
galena, which aometimes contains no more than 0-000153, but 
in some eases has yielded as much as 0-091922 to 0-104040, 
and even 0122584 its weight of silver. Portions of the lode, 
however, have produced 0*107100 their weight of silver from 
vitreous silver ore and native silver unmixed with lead. 
The ore sold from the mine has been — 
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WeigJil of Ure. rroportion 
ToneculB. qr». Xba. of Lead. 


Amount. 


J59, Sept. 14. 


1 14 2 0760000 


£164 15 6 


.. 26. 


2 460000 
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41 4 4 


,, ,, 


14 3 19 0'650000 


100 14 1 




4 3 U (Slime-ore) 


1 16 4 


" Aug. U. 


1 9 12 OG50000 


4SS 3 6 




2 19 1 0-612500 


286 3 10 




£1087 5 11 


Assays prove 


the average proportion of sil»e 


r to have been 



0016189 the weight of ore, and 0'024590 the weight of lead. 

(Eilivin Carter Esq., purser of the Mine and Edward Michell, 
Esq. of Penpol Smelting Works. MSS.) 
The lead ores of Cornwall are proverbially rich in silver, 
but a description of them is foreign to the object of this com- 
munication. 

P. 8. — Since the foregoing particulars were compiled, the 
Rosewame and Herland mines, wrought in clay-slate, within 
short distance of Herland, have yielded, at the thirty fathoms 
level, from a portion of the cross-vein, no more than fifteen 
feet in length by six feet in height — 
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Organogenic Researches* on the Female Flower of the 
Coniferce. By Dr H. Baillon. Memoir presented to the 
Acad^mie des ScieDces at its Meeting, 30tb April 1860. 
Translated by Alexander Dickson, M.D., Edinfanrgti.t 

There are various modes of viewing the organisation of the 
flowers of the Conlferae. I do not intend to recount here, in 
detail, all the different interpretations. The history of these 
has been given elsewhere by several botanists, and more 
especially by the illustrious R. Brown {App. to Captain King's 
Voyage, and Ann. des Sc. Nat. 1826, p. 23G). But on going 
over the most prominent points in the different views, we may 
classify them under five principal heads, 

1. A. L. de Jussieu, and with him Smith and Lambert, 
admit that there is in the Conifers, as in all other Sowers, an 
ovary and an ovule. But here, instead of presenting the form 
of a sac, the ovary, according to these authors, has two locnli 
spread open, and its style is represented by a scale placed ex- 
ternally or below. It is worthy of remark that this view 
admits, at the same time, a duality of carpels- 

2, A second opinion, Instead of considering the ovary as 
presenting an exceptional organisation, attributes to it the 
form which it usually possesses in the vegetable kingdom, viz., 
that of a sac inclosing the future seed. Such is the interpre- 
tation proposed by M. Blume. But the learned Dutch 
botanist does not admit that it can be applied to ail the 
Conifene. According to him, it holds true for the Taxineaa 
and Gnetacea.', " the carpel of which is urceolate," but not 
for the Abietineaa and Cupressineie, in which " the ovary is 
not closed, and where the ovule is directly exposed to the 
action of the pollen." (Rumphia, iii. 208; iv. 2.) 

What M. Blume applies only to certain Coniferas, has, on 
the other hand, been considered as applicable to the entire 

* I have giveti a nearly fslthful trnaBlatioii of tbe original, only laRking 
omiflfliona in jome inaaacntial pttrLioulara.— A. D. 
t TranslatioD cead before tlie BotantcBJ Society of Edinburgh, 10th Janiury 
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order by Messrs Mirbel and Spach." In their excellent paper 
on the ombryogenj of these plants (Ann. des So. Nat. 2d ser. 
XX, 259), they consider the flower as consisting " of a conical 
nuclflug contained within an open ovary." 

3. According to a third view, the flower comprises an 
ovary and ovule, and is further provided with a perianth. 
Snch appears to have been the first opinion of Mirbel, when 
he admitted with Schubert (iVouu. Bull, des Sc. iii. 73, 85, 
121), that the gyno^cium is accompanied by a small adherent 
perianth, besides an accessory external envelope or cnpule. 
This opinion was also held by R. Brown in his account 
of Flinders' Voyage (ii. 57'2}. 

L. C. Richard considered the Coniferas as provided with a 
pistil, and with a simple perianth or calyx (Mem. sur. les 
Conif. et les Cycad. 96), and A. Richard, adopting his father's 
ideas, describes the female flowers as presenting a " gamose- 
palouB calyx adherent to the ovary, which ia either partially 
or wholly inferior, and a unilocular ovary containing a single 
ovule" (Elem. ^dit. 7'"^ 657). 

4. R. Brown, on reconsidering his first interpretation 
(I. c), and comparing what at that period was termed the 
ovnie of the Coniferse with that of other phanerogamic plants, 
imagined that this ovule was much too simple when compared 
with all the others which he had studied, and from this com- 
parison originated what is called the Gymnospermoua theory. 
Ever since, the ovule of the Coniferas has been declared to be 
naked, and its placenta to be of a foliar nature. It was by an 
error that physiologists had, until that time, taken the integu- 
ments of this ovule for floral envelopes, and considered its 
summit to be a style. 

5. In our days, says Dr Lindley (Veget. Kingdom, 227), 
every one agrees as to the correctness of R. Brown's views. 
Schleiden also admits the gymnoapermous character of the 
Coniferse ; hut making a rigorous application to these plants 
of his remarkable principles on the axial nature of the 
placenta, the illustrious savant regards the organ bearing the 

* The first inillcstioD of this vieir ie fouoil in Che " El^monts de jihyeiulogie 
vug^tale do C. F. Brisseau- Mirbel," vol. L p. 317, Ac, and is reproduced id 
his prindpBl raemoira. 
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ovolcB as the axillary bud of the carpellarj leaf [^Ann. dee 
Sc. Nat. 2d ser. xii. 374) ; a happy and fertile interpretation, 
supported by proofs which are really incontestable. 

The foregoing shows the multiplicity of the opinions which 
have been set forth. The gymnospermous theory, in spite of 
its involving what is exceptional and abnormal, seema to be 
generally adopted at the present day. Such is the opinion of 
all classical authors and all the elementary treatises. " Certain 
ovules are ' naked,' says Ad. dc Jusaieu {Coura Elem, edit. 
1"^, 446), and we may term those plants which possess them 
Gymnosperms." Endlicher (Genera, 258), in speaking of the 
Coniferie, says, " ovula nuda ;" and Dr Lindley (/- c. 227) in- 
cludes them with the Cycadacese and Gnetacete in his class of 
Gymnogens. It ia nevertheless allowable to apply to the 
verification of these opinions the new means of investigatioB 
which organogenic study aSfords us. This is what 1 have 
attempted, and the observations which 1 have made on these 
interesting plants are already very numerous. I shall only, 
however, present some of the principal results, setting forth, 
in the first instance, such facts as are met with in the species 
most widely distributed around us, so that it may be easy to 
verify my observations. 

A. In the axila of certain leaves in Taxus baceata (the 
Yew), there are developed little floriferous branches. Those 
bear at first a considerable number of nearly decussate and 
imbricated bracts. The summit of the little axis which bears 
them serves for the floral receptacle. This, in fact, is soon 
seen to produce two little mammilla!, curved in the form of a 
horse-shoe, which unite to form a kind of horizontal ring. 
This is nothing else than the first rudiment of an ovary. It 
grows into the form of a conical sac; its aperture, which is 
directed upwards, is nevertheless always seen to be divided 
into two slightly marked lips or lobes ; they alternate with the 
two leaves or scales which precede the pistil. Of a similar 
appendicular [fuliar] nature, they continue the series of 
decussation. The only difference consists in the early con- 
nation of the two leaves which constitute the ovary. 

In proportion (o the elevation of the sac, the summit of the 
axis becomes elongated to form the first rudiment of the ovule. 
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I believe that the axial nature of the support of this ovule has 
not been contested by any one, 

B. Phyllocladus rhomboidalis (Rich.) has a small number 
of solitary female flowers, borne in the axils of little leaves or 
bracts upon a common axis. Each one of these flowers, which 
is quite free from its accompanying bract (hractee axillante), 
becomes developed above it, and consists of a little dome-like 
receptacle bearing two laterally connate carpetlary leaves, 
quite similar to those of the Willow or Yew. Prom the bottom 
of this enclosure an erect ovule is afterwards developed. 
Later, but before the period of impregnation, the base of the 
gynoeoium becomes surrounded by a projecting circular pad 
(bourrelet), similar to what ia termed the aril in Taaius: it ia 
a disk, such as is so often elsewhere developed, at a late period, 
at the base of the ovary. Thus it appears that Phyllocladus 
is a Tawiis in which the female flowers are axillary and 
solitary instead of being terminal. 

C. In Torrei/a nucifera (SieboldJ a bud appears in the axil 
of a leaf, and becomes developed into a little branch, bearing 
alternate leaves. Of these leaves, the inferior and superior 
remain sterile, but some of the intermediate ones are fertile. 
In the axil of each of the latter, a large undivided and rounded 
mammilla appears, which is at first somewhat pointed at its 
summit. The summit soon becomes depressed, and two lateral 
bracts appear to right and left of the mammilla. The mam- 
milla then commences to bifurcate («e dedoubler). Its summit 
having at first a plane surface (coupcd'abord horiionlalement), 
afterwards presents a vertical median furrow, which becomes 
daily more pronounced. A single axis in this axil is thus found 
to be replaced by two collateral axes. Each of these produces 
two pairs of little decussate bracts, which appear from below 
upwards ; and above these two carpellary leaves, which quickly 
become connate, like those of the Yew, and, by their growth, 
form a sac with a nearly circular aperture, and surrounding an 
erect orthotropal ovule. Thua Torret/a is a Taams, with this 
difference, that here the axillary floriferous branch always 
bifurcates, which only occurs as an exception in the Yew. 

D. In Thuja, as in Torreya, we have two female flowers in 
the axil of each bract. Above the sterile bracts, the axis of 
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iDfloreecence becomes sliglitly tumid in the axils of the fertile 
bracts, and produces two little dicarpellary flowers, like those 
of the Yew and Phyllocladus. An orthotropal ovule is also 
similarly developed upon the basilar placenta. As to the 
wings, which soon appear on the young fruit, they are ex- 
pansions of the dorsal rib of the two carpels. A Thuja, then, 
differs from a Torreya, in its flowers being sessile, and not 
being preceded by any bracts below the carpellary leaves; 
and from Phyllocladus, in a pair of flowers, instead of one 
only, being borne by the axis above each leaf. 

E. In its earliest condition, the cone of a Pine, Pinua reainoaa 
for instance, is represented by a cylindro-conical axis with an 
obtuse summit. There are developed upon its surface a great 
number of alternate bracts. Like the leaves which every other 
branch bears, these bracts take on an unequal development, 
BO that those at the base, which are often sterile, and those at 
the apex, are soon smaller than those towards the middle of 
the cone. These are the only appendicular [foliar] organs 
found upon this cone, and their development, as we shall pre- 
sently see, becomes arrested at an early period. 

In the axil of each of these bracts there is soon produced a 
little branch, which for a long time is represented by a 
cellular mammilla, obtuse, and flattened (eurbaisse), com- 
pressed from without inwards between the main axis and the 
accompanying bract. When we know the great readiness 
with which all receptaeular axes in plants become modified in 
form (se de/orme), we are not surprised to see this, which is 
destined to bear the flowers, undergo the changes in form 
which are now to be described. 

Its summit exhibits at first two small shallow depressions 
{eahancrui^s obttisee), by which it is divided into three lobes, 
a middle and two lateral. The middle lobe, which forms a 
kind of apiculus, is the organic apex of the axis. The two 
lateral become gradually enlarged into the form of auricles, 
upon the lower alightiy decurrent portion of which the female 
flowers are to be borne. Before, however, occupying ourselvea 
with the appearing of these latter, let us notice what becomes of 
the middle lobe. In consequence of a constant modification 
in form {di-/ormalion), which gradually operates in the little 
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axis, the median lole ceases, by degreea, to occupy the ap- 
parent summit ; it is gradually thrown back from the edge 
of the internal surface, until, at last, it nearly occupies its 
centre- MoreoYer, it frequently occupies the interval between 
the two scales placed above it, and this contributes in no small 
degree to give it the narrow and elongated form which it 
ordinarily presents. 

What we first see of the female flower is a pair o£ little 
carpellary leaves, in the form of a horse-shoe, with their con- 
cavities presented to one another. Their summifca appear first, 
and they are at first quite free from each other, but in pro- 
portion as these become elevated above the receptacle they 
become connate by their bases, and thus form a little project- 
ing girdle, which, when viewed from above, appears elliptical. 
At the centre is found the receptacle which they enclose, and 
which for some time remains nearly flat. Let us describe 
exactly the position of this tittle carpellary enclosure. Its 
superior aperture is directed to the side, and at first a little 
downwards ; later it becomes altogether inferior ; changes of 
direction which are due to the continuous progress of the modi- 
fication in the form of the axis. 

Whilst the two united carpellary leaves become elongated, 
so as to form an ovarian sac, continuous at its lower part, and 
divided higher up into two equal or unequal style-branches, 
which always reeal the duality of the carpels, the axis be- 
comes swollen (fie gonfle), at the centre, so as to produce the 
ovule. This last becomes slowly elevated in the form of a 
dome, without effecting at first any connection with the car- 
pellary leaves. Thus it appears that the ovule here is 
nothing else than the prolongation of the floral receptacle, and 
that the placentation is basilar, as in the Juglandacece, Poly- 
gonaceiB, and SalsolaeesB. 

From the foregoing, we see that the Pine only difi^ers from 
Torrejya, in the form of the axis, which bears the female 
fiowers, and by the gradual inversion of the latter.* 

ii^. The female flower8ofS'rtKa&MrmGmio(Smith), are borne, 

PiHuj Tttinota. ProfeaBOr Payer has repeated the 
results. 
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twooriDore, upon the dividedextremity of a little branch, as in 
thePine ; with this difference, that the floriferoua axis ia rounded 
and more elongated, and is placed in the axil of a true leaf- 

G. The last type which I shall examine here, is presented by 
the Cypress. The axis of the inflorescence (Paxe du rameau 
floral) comports itself exactly as in Thuja and Salisburid, 
and the bracts do not bear any other organ. Above each of 
these the axis becomes slightly and uniformly elevated, it 
then gives origin, at a considerable distance from the insertion 
of the scale [bract], and opposite to its median line, to a little 
dicarpellary pistil resembling that of Thuja. Soon, however, 
another similar flower appears, anterior to, and below the first, 
with two others at the sides ; then others, still more external 
and inferior, surround the first in several excentric circlea, 
and the number of these may be very considerable. We 
have here an axillary centrifugal floral group, somewhat com- 
parable to the axillary glomeruli of the Labiate, which col- 
lectively form a spike, as in this instance. 

It will now be easy to submit to the test of the preceding 
observations the principal objections which have been advanced 
against our mode of interpreting the floral organisation of the 
Coniferaj. This will give us room, at the same time, to exa- 
mine the facts which have been adduced in favour of the 
opposing theories ; and the only thing which, for the moment, 
I shall pass over in silence, is the comparison of the Coniferae 
with Cycads and Gnetaceae. In the examination which I 
intend to make of the entire gymnospermous theory, I shall soon 
have occasion to return upon the two latter orders ; and I may 
say beforehand, that the proofs which may he deduced from 
their floral organisation are not of any importance in my 
eyes in the demonstration of the facts which now occupy us. 

Robert Brown is astonished that any one can regard a sac 
perforated at its summit as an ovary, because ordinarily the 
ovarian pouch is completely closed. But the phenomenon of 
complete occlusion, although usual, is certainly not without ex- 
ception. There are plants such as the CistaceE, Tamariscine^, 
&c., where it is by the superior orifice of the ovary that the 
pollen-tube penetrates into the ovarian cavity, and this has long 
been remarked in the open ovary of the ResedaccEe, ifcc. 
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The second objection of the illustrious British botanist is of 
no greater weight. What we, with so many others, call an 
ovule, appeared to him not sufficiently complicated in structure 
to be considered as auch. But we are all aware that the 
ovule is not necessarily composed of a nucleus and its two 
envelopes. Brongniart, Decaisae, and R. Brown himself, have 
long ago described plants in which the ovule is reduced to its 
nucleus alone. Botanists have too often confounded in the 
Abietinese the scales of an appendicular [foliar] nature, which 
are borne by the axis of the cone, with the organs situated in 
the axils of these leaves, to which, from their appearance, the 
same name has been applied. But henceforth this confusion 
should be so much the more easily prevented, since Phytoto- 
mists are every day attaching less importance to the consist- 
ence, form, and colour of an organ, when determining its 
signification. That which hears the female reproductive 
organs in the Abietinete is a body placed in the axil of a leaf 
(appendice) ; it is then a branch — an axial production — and in 
relation to this Schleiden has opened the way to an exact 
determination of the nature of the floral supports. It is in- 
contestable that the axiom "folium in awilld folil is without 
example In the vegetable kingdom," holds true in this, as in 
every other case. We should not then be arrested by the 
objection which Dr Lindley addresses to Schleiden. {Veget. 
Kingd. 2d edit. p. 227.) It is begging the question to con- 
sider the fruit of a Willow as " a leaf placed in the axil of 
another leaf." For even admitting that the placentas of a 
Willow are formed by the borders of the carpellary leaves, 
nevertheless there are here two leaves united so as to form 
the ovary, and they represent a bud with two leaves, to which 
a receptacle or common support is certainly necessary of an 
axial nature, let it be as short as one chooses. The com- 
parison which some would establish between the flowers of 
the two sexes proves nothing in favour of the foliar nature of 
the body supporting the seeds in the Abietiuete ; for the sta- 
mens are not, as Dr Lindley plainly says, " the analogues of 
he indurated carpellary scales of the females," These sup- 
posed carpels are, in fact, placed in the axils of leayea. The 
stamens are not in the same position ; they are leaves or mo- 
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dified bracts, which neither have anything in their axils, nor 
are in the axils of any other organs. In their origin, they 
resemhle the ordinary bract; later, their tissue swells out, and 
becomes gradually modified at those points which become 
anthers. But at any age they are not the less of the nature 
of leaves (appendices), which is the character of the stamens; 
whilst in every pistil, here as elsewhere, there are two dis- 
tinct portions, the one axial, the other appendicular [foliar]. 

As to the teratological facts, I would say that they may be 
made to furnish arguments in favour of the most opposite 
opinions. In this particular instance, however, there is 
nothing surprising in the cone of an Abies being capable of 
bearing leaves analogous to those of the branches (Richard, 
Mem. Conif. pi. xiii.), since this cone bears, normally, tracts 
or appendages, which are nothing but modified leaves. 

Conclusions. 

1. The female flowers of the Coniferai differ very little in 
essentials from one another. They are constructed upon a 
single type, and were we only to regard these, it would be 
unnecessary to preserve the divisions of the order of the 
Conifers into Pinacea: and Taxacece. 

2. The female flower is either terminal, or placed in the 
axil of a bract or leaf. But it is always (as Schleiden holds) 
borne by an axis, and never by a bract. Only the form of 
this axis is very variable; but this is a characteristic of recep- 
tacular organs. 

3. Thus, as was believed by Mirbel and Spach, this flower 
is not gymnospermous, but possesses a dicarpellary ovary, 
without floral envelopes, and containing an erect orthotropal 
ovule upon a basilar placenta. 

4. The cupule, of variable form and consistence, which 
surrounds this ovary, and which in several genera has received 
the name of aril, is a later production, although anterior to 
fecundation, as is the case with all those flora! organs, resulting 
from a secondary expansion of the axis, which we call disks. 



[A selection from Dr Baillon's numerous and very beauti- 
ful figures is given in Plate V.] 
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Desckiption op Plate V. 
Pinui rMinoiii, L. 
Fig. 1. A tiract (b) detached from the cone, with its aiill&r; scale (a). 
Fig. 2. The same, farther advanced; Ihe scale (a) now preaenta two lateral 
lobos or auricles, and a. median lobe or apiculiu (ml), the lermiaatioD 
o( the axlB of the ecale. 
Fig. 3. Appearance of flowers upon the axis (a) ; each of tbem composed of 
two csq)ellary leaves (c) of a creaceotic form, between which the placenta 
(p) appears. 
Fig. i. The same, further advanced; the carpellary leaves have become con- 
Fig. 5. One of the flowers from flg, 4 isolated and more higbiy magnified ; 
c, carpels; ol, ovule, which appeara bb the prolongation of the floral re- 
ceptacle. 
Fig. 6. Scale much further advanced ; the stylary portions of the two carpellary 

leaveg of the ovary (ov) are beginning to become unequally developed. 
Fig. 7. Flowera, nearly adult, and borne upon the scale, which in length now 

nearly equala its accompanying bract. 
Fig. 8, LoDgitadlnal section of an adult flower ; the etylea (it) are still more 
unequal than in last figure : ov, ovary ; ol, ovule. 
Cupr«iiu> itmpereirem, li. 
Fig. 9. Young flower-bearing branch. The lower bracts (»4) are sterile ; the 
upper bracts, one of which has been cnt away (cti), have a ceatrifugal in- 
florescence (i), deTeloped in their aiila. 



Note upon the preceding Translation, with Observations 
upon tJte Morphological Con.?titution of certain Abieti- 
neous Cones. By A. Dickson, M,D., Edinburgh.* 

It is with no little pleasure that I have taken this opportu- 
nity of bringing Dr Baillon's remarkable observations under 
the notice of the Society. By his labours, the morphology of 
these remarkable plants is now securely based upon the surest 
of all foundations, viz., that obtained from observation of the 
different phases of development. 

I have myself been much interested in this subject, having 
had my attention drawn to it by the consideration of some 
abnormal conditions in the cones of the spruce fir. At our 
July meeting last year (1860) I exhibited and commented 
upon some " bisexual cones " which seemed to illustrate certain 
of the relations between the male and female cones in these 
plants. I then attempted to show that the stamens of the 

* lleod before the Botanical Society of Edinburgh, lOth January 1861, 
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male cone are the parts homoiogotis to the brads of the 
female; that, in fact, the stamens and bracts are the leaves 
belonging to the main axis of the male and female cones 
respectively. At the same time I insisted that, as the male 
cone consists of a single axis with its leaves, it must there- 
fore be considered as a single jiower — in opposition to a 
view taken by Dr Lindley in his " Vegetable Kingdom," where 
he holds, that the male cone consists "of a number of m&- 
nandrous naked male flowers, collected about a common axis," 
and that the "anther ia formed of a partially converted 
scale, analogous to the indurated earpellary scale of the 
females." I gave my reasons for inclining to believe with 
Schleiden that the " scales" of onr ordinary cones are flattened 
shoots, and attempted to refute Dr Lindley'a arguments ifi 
favour of the earpellary hypothesis. In conclusion, I started 
some doubts as to the correctness of the generally received 
opinion upon the nature of the so-called ovule, founded upon 
what was known of the development of the innermost " seed- 
coat" in Gnetum, and also from some more theoretical consi- 
derations as to the signification of the "corpuscula" of the coni- 
ferous " ovule." I was unable, however, to solve these doubts- 
It was not until some weeks after the publication of my 
observations that I saw Dr Bailion's paper, which had been 
published a month previously to mine,* and I was very much 
gratified to find what I bad been occupied with clearly eluci- 
dated and established upon a satisfactory foundation. 

It is unnecessary for me to give any resumi: of Dr Bailion's 
observations, as he has himself given a very clear recapitula- 
tion of the main results. He has taken exception to Dr 
Lindley's arguments relative to the nature of the cone scale, 
on the same grounds, and, I had almost said, in the same 
words, as myself. 

The relation of the stamens to the pistils in Pinus and its 
allies is very remarkable. The moncecious condition in these 
plants is neither brought about by a mere suppression of parts 
in homologous or corresponding male and female flowers, as in 
many moncecious and dioscious plants ; nor by a mere replace- 
ment, as it were, of pistil by stamens, and vice versd, as in 
* Dr BoIUod's paper was published in Spptember, ntina in October, 1860. 
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the male and female flowers of Salix; but by the following 
arrangement : — The male and female cones are corresponding 
or homologous shoota. The stamens are developed upon the 
main axis of the male cone ; the pistils, on the other hand, are 
developed, not upon the main axis of the cone, but upon ter- 
tiary shoots, the " scales" being the secondary shoots axillary 
to the leaves of the main axis. In the male cone, the second- 
ary and tertiary shoots may be considered as suppressed ; 
while, in the female, the stamens are replaced by bracts. 

I have brought with me, for your inspection, a very beau- 
tiful example of the combination of the female inflorescence 
with the male flower in Abies nigra. I alluded to this in a 
note which I appended to my observations on the " bisexual 
Cones," of Abit-s exceUa. On the lower two-thirds of this cone, 
the greater number of the bracts are replaced by stamens, which 
carry the scales or shoots of the female inflorescence in their 
axils. This curious combination cannot, I think, fail to strike 
any one reflecting on it with astonishment. 

I would now make a few remarks upon the constitution of 
certain abietineoua cones, viz., those of Cunningkamia, Arau- 
carta, Dammara, and their allies. 

Richard held, that in Cuntiinghamia, both bract and scale 
are present ; in Oammara, the scale only ; while be seems to 
have been uncertain as to the signification of the structure in 
Araucaria.* 

Endlicber considers the cones in all three genera as desti- 
tute of bracts. What Richard considered to be the scale in 
Cunninghamia, he terms a transverse torua.t 

Sohleiden holds the " scales" in Araucaria and Damvmra 
(Agathis) to be unprovided with bracts | 

Lindley also seems to coincide with Endlicber and Schlei- 
den in viewing the cones of Araucaria as bractleas, since he 
appeals to the leaf-like "scales" of these cones in proof of 
the carpellary nature of the scales in our ordinary Conifers. § 

braettati ? vtlvXi ilMitMtii." ) Richard, Mem lur iti Cenifirci, &e,, p. 87. 

t Ommula .... Utro trammrio imeria. Eadlicher, Si/nopiii Conifira- 
rwn, p. 192. 

X Scbleiden'a Principles, LujtkeBter's tcaaslBtiOQ, p. 383. 

% Lindley, Ttgaable EiHsilom. p. 327, 
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After careful consideration, I have been led to the firm 
conviction, that in the cones of all these genera the bracts 
are well developed, while the true scales are more or less 
reduced in size, or altogether incorporated with the bracts. 

In Cunningliamia, the bracts and scales are quite dtstia- 
guishable, as was pointed out by Richard.* 

It is hardly necessary here to enter at length in defence 
of Richard's opinion ; the onus, in this instance, certainly lies 
upon those who would refute it, Endlicher describes the 
structure inCMnnm^AamJaand^W/irotoimthus: — ^'Squamee 
gemmuliferfB plurimcB, ebracteatas, basi unguiculata insertcs, 
imbrieatcB, supra unguetn toro tranaverso incrassat<E." f It 
is evident, however, that an almost similar description might 
have been applied to the bracts in Abies pectinata, since 
here, as in Cunnmgliamia, there is an unguis orclaw common 
to the bract and scale which are united for some distance 
from their base (compare figs. 1 and 2). In fact, the union. 





-ig. 1. 



Pig. 3. 



Pig. 1. Bract Biid Biale from cone of ^i.i<i jjMtinaja (Silver FirJ ; outer Burface. 

Female flowers {" oviilea ") hiive been removed, h, Bract ; «c, scale ; ung, 

claw comman to botb bract and scale. 
Pig. 2. Bract and scale from Cunninghamia ti'nentu ; inoer suiface. b, ic, and 

Hnj, as in fig. 1 ; c, points whonce the female flowers have been remoyed. 

(After Richard.) 

to a greater or less extent, between the base of the bract and 
that of the scale seems to be of very frequent, if not of uni- 
versal occurrence in Abies, Pinus, and their allies. 



* Richard, Jflnii 



t Endlicbar, (. c. pp. 1B3, 19J. 
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If a cone of Araucaria be examioeii, it is manifest that tho 
apparent scales of the cone are serialli/ homologous with the 
leaves of the shoot which the cone terminates. As Dr Lindtey 
has pointed out (Veijet, Kingdom, p. 227), these scales "have 
actually the same structure as the ordinary leaves;" there 
is, indeed, a gradual transition from the one to the other. 
Now, under the ordinary view, the difficulty at once arises; 
since the "scalea" oi Araucaria are thus the leaves of the 
main axis of the cone, how can thoj correspond to the acales 
of an Abies, which (whatever view be taken of their nature), 
are certainly not the leaves of the main axis of its cone 1 

This difficulty may, 1 thint, be removed, if wo direct our 
attention to the small scale-! ike body (6 gs. 3 and 4, sc), situated 
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Pig. 3. . 

Fig. 3. Bract and scale from Araucaria imbric 
pistil ; f , orifice of pistil. (After Richard.) 

Pig. i. Longitudinal BecttQn in the meeiil plans of bract 
young cone of Aratitaria (Eatiuia) txetha : b, le, p, 
nu, " naelena." Prom a dried speoiioon remoiatenHd. 

Pig. 5. Diagram showing the eupposed c 



PiB- 6. 

b, [tract ; tc, acale ; 



, in fig. 3 



1 of tha cone-scalo in Arau- 

dolaohed from one another. 

The ahaded portion represenla the nial structure. *, Bract ; «, axillary 

scale , nu, " nucleus " (the termination of the axis of the scale !) ; c. Carpel.* 

• The covering of the '■ nucleua " in Araucaria is here provisionally termed 

:arppl. It miiy, however, be open to question whether this pietU (the ao- 

KEW SEBIES. — VOL. XIII. SO. 11. — APEIL 18(jl. 2 C 
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near the apex of the apparent-scale io most of the species of 
Araiicaria. This " squamnla " is most distinct in those Arau- 
cariaa termed Eutassa. It is very small in A. imbricata, and 
is absent in A . brasiUensis.' It is generally regarded as a pro- 
cessor appendage of the " ovule." t This small scale-like body 
must, I conceive, be regarded as the representative of the cone- 
scale of an Abies. We are prepared for its small size, when we 
consider the relatively small size of the scale in Cunninff- 
hamia when compared with the scales oi Abies or Finns, and 
for its extensive union with the bract by what occurs in Can- 
ninghamia, or Abies peclinafa. If this supposition be adopted, 
the structures in the cone of A raucaria become at once intel- 
ligible, and capable of strict comparison with those in our 
ordinary cones. What have been termed scales mAraucaria 
should LOW be considered as bracts, to which the scales proper 
are extensively adherent. 

In Danimara the cone is provided ^ 

with " scales" so-called, each of which 
gives origin, about or a little below 
the centre of its inner surface, to 
a solitary unequally-winged female 
flower ("ovule"). These scales have, 
so far as I am aware, been univer- 
sally considered as true scales desti- 
tute of bracts. This, I believe, is 
exactly the reverse of the truth, and 
on the following grounds: — f-".. 

\st. These so-called scales are not placed in leaf-axils. 

2d, In the allied genus Araucaria we have the true scale 
very much reduced in size. Its free portion actually dis- 

ciilled adnste or adharent ovule) maj not really be of the nature of nil inferior 
germen ; In which case tho " carpel " would necesaarily be considtred ae coii- 
Eisting for the most part, if Dot altogether, of an axial structure, Thie point, 
however, can only be determined by e^ramination of the develapment. 

* I have not had the opportunity of eiamining the cones of Araacaria hrati- 
lientii. Tlirough the kindneaa of Professor Balfour, I have vsamined a eone of 
A. (Gutoiio) fxcelia, from a scale of which 1 mado the section roprogented in 
fig. 4. Tho tranailion between the leaves of the ehoot ntid the >a called ECales 
(brnila) of the cone is partlcalorly well Been in young specimen?. 

tSeo RicbBrJ, ilf.ffluiVes, Sc, p. B7 ; also, Endlioher,"8ynop.Conif.."p. 184, 
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appears in Araucaria brasilieuBis, in which we have a 
condition almost exactly similar to what, I believe, exiata in 
Dammara, If my supposition regarding Ai'aucaria be cor- 
rect, it cannot be imagined that Dammara, otherwise 8o 
nearly related, should differ 30 widely from Araucaria and 
the ordinary Abietinese as it would necessarily do if the gene- 
rally received opinion were correct. Thus, I conceive, that in 
Dammara we have, as in Araucaria hragilieneie, bracts with 
wliich the axillary scales (so to upeak) are completely incor- 
porated. On cutting the cone-scalo of Dammara longitudi- 
nally, the female flower (" ovule") is seen to be supplied with 
a vascular bundle, which runs up from the base of the " scale," 
curving at its upper end to enter the inverted pistil. This 
vascular bundle is quite distinct from the mesial vascular 
bundle of the so-called scale, running parallel to it, and like it, 
in the mesial plane. This circumstance, although it does not 
of itself necessarily prove anything, yet tends to confirm the 
idea that the pistil of Dammara does not originate from the 
scale so called, but is only connate with it by its peduncle. 

I feel satisfied that no one, who will without prejudice 
reflect upon the matters which I have just now been dis- 
cussing, can fail to be convinced that the above is the only 
possible method by which the structures in Araucaria and 
Dammara can be reduced to a common type with our ordi- 
nary Coniferto.* 

There is one other question of interest in relation to the genera 
Araucaria and Dammara to which I may allude, although 
it is one which can only be determined with certainty by an 
appeal to their developmental history, viz-, are their solitary 
pistils (so-called ovules) developed on tertiary axes, as in 
Abies, &c ; or (what is probably the case) are they developed 
upon the extremity of the secondary axes — the "scales," or 
axillary shoots of the bracts? Upon this latter supposition 
wc probably have in Cvnninghamia a transition form be- 
tween Aiiea, Finns, &e., and Araucaria, with its allies. In 
Canninghamia it is probable that, in addition to the two late- 



ii|ma any cunalderntluas bb to tht' nnturu of the Bo-caikd ovules ([I'jltU uf 
littllion), or of tliB s.ivamirfratii/er.': 
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ral flowers of J biee, &c., a terminal flower is developed at the 
extremity of the axis of the scale. In Araucana, &c., the 
two lateral flowers are not developed, leaving only the termi- 
nal one. 

If there is any truth in this idea, it might be predicated, 
that of the three female flowers on the scale in Cunninghamia, 
the central one would be found to be developed first, the two 
lateral subsequently, a state of things resembling the centri- 
fugal development of the female flowers in Cupressus, so 
clearly detailed by Dr Baillon. 

The union of the bract with the axis of inSorescence in 
Cunninghamia, and with the peduncle in Araucaria and 
Dammara, is perfectly comparable to the connation of tho 
axis of inflorescence with the leaf from whose axil it originates, 
in Tilia and Helwingia. 



On the Acrid Fluid of the Toad (Bufo vulgaris). By John 
Davy, M.D,, F.RS. Lond. and Edin., &c* 

The fluid, the secretion of the cutaneous glandular struc- 
ture of the toad, is a subject on which many different opinions 
have been entertained. The popular notion, handed down 
from a, remote period, has always been that it is a poison. 
That notion some years ago was held to be a mere vulgar 
prejudice, and was pointed out as altogether an error, by so 
high an authority as Baron Cuvier.f In 1826 my attention 
was given to it, and the result of the inquiry was, that the 
fluid 13 simply acrid, an irritant, oflensive as such, but not a 
poison-J Subsequently, it was examined by two French 
physiologists, MM. Gfratiolet and S. Cloez. The conclusion 
they arrived at was, that the secretion is a powerful poison, in 
some instances occasioning almost immediate death.§ Later 
still, Mr George Rainey engaged in the inquiry, and his re- 

* Read before the Ilojal 3oi:i<.-ty of Ediobur^tb, ] 8Lh M.ircb ISGI. 
t Lt Risnt AHimai;ii. p, Ul. J Phil. Tranfl. for 1826. 

g A notice of theae eiperimtdts is to be fuund iu the " Spectator" news. 
|is|.ur of 28(h August 18j2, 



Dr Davy on the Acrid Fluid of the Toad. 201 

suUb,* it would appear, are opposed to those of MM, Gra- 
tiolet and Cloez, agreeing perfect); vith those I had before 

obtained. 

Becentl;, yiz. in August last, I made further trials of the 
fluid. The animals experimented on were a kitten, two days 
old, a fowl, and a slug (Limax atei-). The toad, from which 
the fluid was collected was of ordinary size. It had been in 
confinement three days.f The fluid was obtained by scraping 
the glandular surface secreting it with a knife, In each trial 
it was applied to a small wound in the cutis ; and not merely 
applied by simple contact, but inserted and rubbed in. The 
animals were watched for twenty-four hours- The results 
were entirely negative. Neither the kitten, the fowl, nor the 
slug appeared to suffer in the least. The kitten did not 
refuse milk, although the part chosen for the experiment was 
the nose ; nor had the fowl its appetite impaired ; — its head 
was the part selected for the trial. 

These results agreeing with my former, and with those ob- 
tained by Mr Rainey, I shall not attempt to reconcile with 
those, 80 opposite, of the French physiologists. 

I do not think that any material difference of quality of the 
fluid could have arisen from difference of climate or of season. 
My first experiments were made in the Ionian Islands; and 
the viscid fluid used — at the time copiously secreted — was acrid 
and irritant. The fluid last employed had the same bitter 
taste, and, applied to the tongue, excited the same kind of 
sensation as before experienced — an acrid one, but not severe, 
though of some hours' duration. 

I have stated, in my early account of the fluid, that it was 
neither alkaline nor acid, it having bad no effect in changing 
the colour of litmus or turmeric paper. MM, Gratiolet and 
Cloez say that they found it alkaline. Tho fluid which I 
have recently examined has also been neutral, similarly tested. 
They mention having kept it twelve months without its losing 
its activity. If kept in a damp place, might not its alkaline 

* QiwrUrly Jour, of Micro. Scitnco, Su. i3, for July 1850. 
t During that time It had vuidsd n guotl deal of aiorcuiauC. Tlie fiscal part 
cansiatad cbiully of the ninge of insecta ; tbe liquid, the urinnry part, Goataiaed 
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reaction have been owing to a little ammonia developed! A 
small portion of the acrid matter collected from a toad in 
Barbadoes, in 1847, now, in 18lW, shows a decided acid reac- 
tion. It was melted, when collected, at a low temperature, 
just sufficient for its fusion, after being dried. It has been 
kept since in a dry place, and it seems unaltered in its pro- 
perties. It is bitter, and, judging from its effect when applied 
to the lip, it is even more acrid than the fresh fluid of our 
English toad. Moreover, mixed with water, its character under 
the microscope is similar — minutely granular ; and I have not 
found it different in its effect. When applied to a fowl in the 
manner before described, the result was equally negative. 

The toad of Barbadoes, it may be mentioned, if not iden- 
tical in species, has a great resemblance to our toad. It 
differs chiefly in being of a lighter colour, of a somewhat more 
slender make, and more active in its habits. Incidentally I 
may remark, that though introduced from Dominica only a 
few years ago, it has now spread all ovor the island ; also, that 
it is considered poisonous there by the natives. It is said that 
dogs that had oaten it became mad. Perhaps the acrid fluid 
made them wild, and their disturbed state was called madness. 
It is also asserted, that now the dogs have gained experience 
of its effects, they leare the toads unmolested, carefully 
avoiding them. For the accuracy of these reports, of course 
I cannot vouch. It would be an interesting circumstance, 
wore it sufiicicntly well authenticated, that the experience of 
one dog, or generation of dogs, had been transmitted, and 
the acquired aversion become hereditary, as is known to be the 
case with some of the habits of brute animals. 

1 have stated that the microscopical character of the acrid 
matter of the toad of Barbadoes is similar to that of the toad 
of this country. Both consist of a fluid in which are sus- 
pended an infinity of granules of an extremely minute size, 
ao much so as not to be discernible under a quarter of an inch 
object-glass, and yet, when seen with the one-eighth inch 
glass, though excessively small, they are well defined. In 
one instance* I estimated their diameter to be about foins^'^ 
of an inch. 

f The fluid mentioneil abuta was fioiii a. nials ii. the niontii uf April, in the 
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In relation to the use of tlie acrid fluid, I have before ex- 
pressed the opinion, that as it is eo offensive to the taste, and 
irritating, it is well adapted to secure the sluggish and other- 
wise defenceless animal from being deroured. I may mention, 
in confirmation of this view, that the secretion seems to be in 
some measure under the will of the animal. When I have 
seized one of its limbs with a forceps, or pinched its skin, the 
acrid matter has been immediately poured out, and not only 
in the exact spot where the pressure was made, but also from 
the adjoining surface, and so conspicuously that there could be 
no doubt about it. 

If so protected, a i^uestion may arise, how is it that this 
animal is not more abundant ? One reason may be, that the 
very young toad, after its final metamorphosis from the tad- 
pole state, is, I believe, in a manner defenceless. The expres- 
sion of belief is used, the conclusion being founded on the 
examination of a single specimen, and consequently requiring 
confirmation. Another circumstance may be, the little power 
possessed by the toad of resisting cold. I have found a tem- 
perature two or three degrees below the freezing point fatal 
to it; for instance, when it has been exposed, unprotected by 
any covering, to the open air for a few hours during a frosty 
night towards the end of autumn. Now, as the toad in the 
early winter, or shortly before its setting in, seeks its hyber- 
nating abode, and there becomes torpid, should the season be 
unusually severe, not having the power of quitting its selected 
spot, it may be frozen and die. The rapid manner in which 
the toad has multiplied and spread in Barbadoea, and the 
greater abundance of, and the larger size attained by this 
animal in a southern climate, such as that of the Ionian 
Islands, seom favourable to this conclusion. 

neighbourhood of Edliiliurgh, caught w 
It DiBf lie worthy of remark, if a eingli 
larger fomale difi'ere from tho Bmnlter m 

titutQ of the acrid secretion, at lonst during the breeding leaaoD. In the maie, 
at the same time, it was uniuUDlly nhundant. The latter, &t this season, pcr- 
hapl, niBj afforil eafficient pratection to the former, whilst the ova are posBing 
from the oviduct j Mid in bor, the growth of tbe ova'moj determine i^m Che 
skin, for a time, and render the glandular itrocture inactive. 
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On the Geology of the Batlway from Worcester to Hereford. 
By the Rev. W. S. Symonds, F.G.S., President of the Mal- 
vern Nat, Hi3t. Field Clnb. (Plate VI.) 

It is a difficult mental process for us, who live in these days 
of progress — of the electric telegraph, the steam-engine, and a, 
thousand sciences — to imagine the human history of less than 
two hundred years ago. 

"We must not forget that the country of which we read 
was a very different country from that in which we live,'* 
writes Lord Macaulay, in his description of England at the 
time when the sceptre passed away from Charles the Second 
to the tyrant James. " Could the England uf 16S5 be by 
some magical process set before our eyes, we should not know 
one landscape in a hundred, or one building in ten thousand. 
Everything has been changed but the great features of nature, 
and a few massive and durable works of art. We might find 
out Snowdon and Windermere, the Cheddar Cliffs and Beachy 
Head. We might find out here or there a Norman minster, 
or a castle which witnessed the wars of the Roses; but with 
such rare exceptions everything would be strange to us. 
Many thousands of square miles which are now rich corn-land 
and meadow, intersected by green hedgerows and dotted with 
villages and pleasant country-seats, would appear as moora 
overgrown with furze, or fens abandoned to wild ducks." la 
those days the Great Bustard {Otis tarda), now extinct, 
coursed in troops of fifty or sixty over the plains of Wiltshire 
and Norfolk ; the red deer was common in Gloucestershire 
and Worcestershire ; and the wild bull wandered in forests 
the site of which is now traversed by the steam-engine and 
the plough. Still less is it possible to imagine the England 
of 2000 years ago, when the ancient Briton wandered a half- 
naked savage, or the Druid performed his sacrificial rites. 
Judging from the sculptures and relics of the earliest historic 
times, the races of men wore as distinguishable then as now, 
were then associated with particular climates and countries. 
We have no data which reveal to us the changes which have 
passed over the form of the typical human race, and produced 
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characters so distiDguishable as those of the Negro, Caucasian, 
or Mongolian. The animals that were contemporary with the 
earliest hieloric human beings were identical with the forms 
that now surround us, with the exception of a few which have 
been destroyed by man's agency, and others which have been 
removed from their original habitations. The races of domestic 
cattle are modified to a considerable extent; but there were 
modified varieties when the records of ancient Egypt were 
sculptured, and the wild animals are unchanged. 

Alluvia of the Historic Period. — The first steps the tra- 
veller takes on the lino of the Worcester and Hereford rail- 
way are ateps immensely hackward as regards the aeries of 
changes they imply, and as measured by years. I shall refer 
to these just now ; but as the different geological changes are 
very important to enahle ua to fully understand the history, 1 
ahall first call your attention hrie9y to physical changes which 
have been brought about in this neighbourhood since the time 
when man is believed to have existed. 

I have reason to believe that the valley of the Severn, the 
banks of the river, and the river itself, possess much the same 
natural features between Worcester and Gloucester aa in the 
days of the Druid, or when Caractacus lighted his watch-fires 
on the summit of the Herefordshire Beacon. 

I had the pleasure of presenting that distinguished geologist. 
Sir Charles Lyell, with a nearly perfect Roman jar, which was 
obtained by Mr Williams, the contractor of the Tewkesbury 
Severn Navigation Dock Works, near the banks of the river 
Severn, and which was covered by a few feet only of the silt 
strewed over the meadows by the autumnal or winter floods. 
A funeral urn, containing ashes and portions of human hones, 
also Roman, was obtained by Mr Strickland of Apperley Court, 
jcar Tewkesbury, from his brick-pits on the banks of the 
Severn, near the Haw Bridge. The Roman jar was nearly 
perfect when discovered, so was not drifted for any long dis- 
tance by a river stream. The sepulchral urn was, 1 have no 
doubt, buried where it was discovered on the banks of the 
Severn, and had since been covered by several feet of Severn 
silt, the produce of the floods of well-nigh 2000 years. In 
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some instances it is evident that rivers have shifted their 
course and changed their channel ; and near the Haw Bridge 
we can see that formerly the Severn river flowed nearer to the 
Apperley banks than it does at present, but it was at a period 
anterior to the times of our British or Roman predecessors. 

Period of the Severn and Avon Lakes. — Leaving the river 
and river banks, the flat and verdant meadows on either side 
have a geological history belonging to them worthy of our 
attention. 

There was a time, long antecedent to the days of the Ro- 
mans, when both the Severn and the Avon flowed, as the river 
Shannon does now, through a chain of various siaed lakes. 
The race-courses of "Worcester, Upton, Tewkesbury, and 
Gloucester, indeed all the rich Severn meadows, were formerly 
lakes forty feet deep, into which the river poured Its sediment 
for ages, and which became gradually silted up until they 
were first marshes, and lastly rich pastures for flocks. 

During the cuttings near Tewkesbury, for the Severn navi- 
gation docks, excavated to a depth of forty feet towards the 
bottom of the lake which once rolled its waters above the race- 
course, a very perfect antler of the red-deer (Cervtis elepkai) 
wasfoand at the depth of SZ/eeio/iieMtMS, and was presented 
to me by ilr Williams. No geologist worthy of the name 
can examine these old lake-beds without perceiving that it 
would require many thousands of years for a river like the 
Severn to accumulate the sediment which has filled their 
beds- 

The animals that roamed on the banks left their bones and 
skeletons in the sediments of the bygone lakes of Worcester- 
shire. The relics of gigantic extinct quadrupeds are abun- 
dant in the lacustrine and river sediments of the vale of Wor- 
cester. Until I had closely examined the sites from which Mr 
Hugh Strickland, the Rev. William Parker, and other collec- 
tors, gathered the numerous remains of these animals in the 
Worcester Museum, and the Strickland collection at Jardine 
Hall and Apperley Court, I had no idea that such an abun- 
dance of mammalian remains could, excepting in caves, have 
been heaped together in such limited space. From one small 
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brick-pit, at Bricklehampton on the Avon, and which brick- 
pit was probably a bank of mud on the shore of one of the 
Avon lakes. Mr Hugh Strickland obtained the remains of 
the rhinoceros, hippopotamus, the cave by fen a (Jiycena spelcea), 
several kinds of deer, also of the long-fronted bull {Bos longi- 
frons), and the still more ancient Bos primigenius. It is 
necessary here to warn the explorer of the Bricklehampton and 
Cropthorne districts, that there are two drifts of very differ- 
ent age, both yielding mammalian remains in the same 
parishes 

The old lake drifts are close upon the borders of the Avon, 
and lie about thirty feet above the river. You must inquire 
for the old ftricfc-pits, not ^rat/e^-pits. The Cropthorne and 
Bricklehampton gravel deposits belong to the glacial drift, 
occupy higher ground, as around Avon Bank, and Comberton, 
and furnish the remains of tiie mammoth {E, primigenius), 
and the extinct rhinoceros {R. tichorinos), with marine shells, 
whereas the lacustrine drifts are full o{ fresh-tdater shells 
now living in the river Avon ; the most abundant species 
being Cyclas, Lymnea, and Unio. No one accustomed to the 
fossils will confound a Cropthorne brick-pit specimen with 
those of the marine drift through which the valley has been 
out. The first are of a blueiah grey, and the latter of a yel- 
lowish tinge. 

I said that the long-haired elephant or mammoth {E. pri- 
migenius), and the long-haired rhinoceros {li. tickorinus), 
have been found in the marine drift. The fine specimens 
from Himbleton, in the Worcester Museum, are said to have 
been found in lacustrine gravel, associated with fresh-water 
shells. As far as my own experience extends 1 have not been 
able to identify a single specimen of the remains of the 
mammoth with the lacustrine and fluviatile drift of "Worces- 
tershire, with the exception of some worn portions of teeth, 
which may have been drifted from older deposits. All the 
mammoth remains in Mr Strickland's collection are from the 
marine gravels ; as are those presented by Mr William 
Parker to this museum. From the interior of some of the 
bones Mrs Strickland has extracted remains of marine shells. 
Nevertheless, we cannot doubt that hyaenas, hippopotamuses, 
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rhinoceroses, and extinct deer and oxen, frequented the shorea 
of our ancient lakes. It is also possible that man was an in- 
habitant of the British islands during the lake period. 

The human skeleton found at Defford* when laying the 
foundation of the railway-bridge over the Avon was covered 
over by eighteen feet of lacustrine silt, and, I believe, was 
deposited in that silt before the bed of the ancient waters was 
filled up. 

The skeleton found at the bottom of a peat-bog near Miekle ■ 
ton tunnel, and which called forth bo much objurgation, was 
probably imbedded about this period. Elevated beds of silt 
and gravel, in the valley of the Clyde, contain rude canoes 
hollowed out of trunks of oak by stone hatchets ; canoes formed 
of oaks of great age and large dimensions, proving tbat the 
climate differed little from that which exists at present. In 
some of our British valleys we find canoes, hollowed out by 
fire or stone axes and chisels, covered by twenty feet or more 
of sediment; while — a significant fact when reflecting on our 
Severn and Avon valleys, in the allovial sediments of the River 
Aire — there lie nearly complete skeletons of the extinct Hippo- 
potamvs major, with jaws and horns of deer, and petrified nuts, 
associated with buried canoes, covered by twenty feet of 
detritua.f When Mr Hugh Strickland, some years ago, 
mentioned, in a lecture delivered before the Natural His- 
tory Society of Worcester, the number of relics of large 
quadrupeds that be had collected from the Bricklehampton 
drifts, it was said that he bad fallen in with an ancient 
ford where a caravan of wild beasts bad been upset and 
drowned. 

Marine Drift. — I shall not, on this occasion, enter at any 
length on the difficult and obscure history of at least two 
marine drifts, which may be studied in the vale of Worcester. 
It will be Bufiicient to call attention to the beds of detritus 
through which the Worcester and Hereford Railway passes. 
An examination of the gravel-pits, at higher levels than the 
old lake shores in this neighbourhood, will explain satisfac- 

* See StrickUnd on BiriuiDghEkm and Gloucester RaUway. 
t Pnifesior PhilUy's " Life on the Earth." 
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torily the determination arrived at, many years since, by Sir 
R. I. Murchison — viz., that the vale of the Severn was a strait 
of the sea agea before the lake and river periods, and that the 
valleys of the Severn and Avon were gi-adually scooped out 
by marine currents and waves, during the long epoch when 
the present land, on which now stand populous towns and 
cities, was being slowly elevated. 

The geologist who would realise this history in hia mind's 
eye must stand on the summit of the Malverns, and imagine 
a broad sea frith or strait washing the base of the hills below 
liim, and covering with aea-waves every hill that rises in 
the valley between the Malverns and Cotteawoldes, save the 
summits of Bredon, Diimblefcon, Charchdown, and Robins- 
wood Uills, which were low islands in those Severn Straits. 

Hartlebury Common is a good locality for studying the 
elements of the old sea-bed of the Northern Drift, and is easy 
of access. My friend Mr Roberta of the Geological Society 
of London, and a Worcestershire geologist, gives a graphic 
description of the wandering pebbles in the gravel-heaps of 
Hartlebury Common in his " Rocks of Worcestershire." 

I am very much inclined to rank the gravel at Henwick 
and St Johns, through which the railway passes, as a maritie, 
and not as a lake or river drift ; and J look upon this drift aa 
about the latest evidence wo possess of the existence of the 
marine conditiona of the vale of Worcester. 

The period of the Northern Drift waa that of the Glacial 
period, a well-marked period, during which, writes Mr Darwin, 
" we have evidence of almost every conceivable kind, organic 
and inorganic, that within a very recent geological period 
central Europe and North America suffered under an arctic 
climate. "The ruins of a house burnt by fire do not tell 
their tale more plainly than do the mountains of Scotland and 
Wales, with their scored flanks, polished surfaces, and perched 
boulders, of the icy streams with which their valleys were 
lately filled." Unnumbered ages have rolled by since that 
period; but what is time to Him who holds eternity within 
His grasp, and to whom myriads of years are but as a moment 
in the records of bygone epochs 1 

The view from the summit of the Malverns, during the 
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period of the " Northern Drift," must have been verj different 
from the present. Not only did a sea strait stretch far away 
over the vales of Worcestei'shire and Gloucestershire, but the 
eye must have rested, on the western or Herefordshire side, 
on many an inland frith and narrow strait. The glacial 
drift lies in the valley of Cradley, between Malvern and 
Ledbury, and again in the valley of Clincher's Mill, south of 
Kastnor Castle ; while, where now we see only cultivated fields, 
pastures, and orchards, the valleys of the Wye, Lugg, and 
Frorae, must have gleamed with waves. 

Among the inhabitants that frequented the shores of the 
icy straits and friths, and lived upon the land of Malvern, 
Herefordshire, and the separated Cotteswoldes, were the 
long-haired, glacial, elephant (the mammoth), the long-haired 
rhinoceros, and the extinct ox [Bos primigenlus). 

I have to thank my friend Mr Ballard for rescuing some 
interesting remains of these great extinct quadrupeds from 
destruction. I have not been able to trace the former existence 
of glaciers along the line of the Malverns ; but at the southern 
extremity, from Clincher's Mill to Ilaffield, we have evidence 
of the effect of const ice extending into a small bay between 
the Malverns and Ledbury Hills, and of the deposition of 
great masses of angular and unworn blocks of rock on the 
melting of the ice as it floated out to sea. 

While the vale of Worcestershire was a sea-bed, the MaJ- 
verns could have appeared but as low bills, probably not ele- 
vated more than 600 or 700 feet above the surface of the 
waves, while the Cotteswoldes opposite must have constituted 
a long, low shore. 

During the glacial epoch it was, as Professor Forbes believed, 
that Great Britain possesed a flora of the Arctic and Alpine 
species of plants, so assiduously sought for by the botanist, and 
which are enabled to maintain their footing on our higher 
mountains still, according to the rules of climatal influence, 
through the elevation of the tracts which they inhabit. 

We cannot doubt that when the long-haired elephant and 
rhinoceros roamed over the Malverns, and when boreal shells 
lived in the seas, that the plants of the Malverns partook of 
the arctic type, that the oaks used for canoes during the 
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lake period could not have existed under those climatal ia- 
fiaences of the British isles, while such plants as the herba- 
ceous willow {Salix kerdacea, and the Alpine gentian (Gen- 
iiani nivalis), the aoow Veronica and Saxifrage {Veronica al - 
pina, and Saxifraga nivalis), with the moss Campion (Silene 
acanlis) (plants which have, countless ages ago, deserted our 
Worcestershire hills, and are still found flourishing in the 
cold regions of our moat lofty mountains), flourished on the 
Malvern s. 

Having taken great pains to investigate the evidence ad- 
vanced by our best authorities upon so important a subject, 
I can no longer entertain a doubt that flint implements, tbe 
work of ancient men, are found in beds of drift, which are 
older than even thelong ago period of our Severnlakes. These 
human implements are associated with the bones of great 
extinct quadrupeds, which lived during the glacial period. 
Tbe drifts both of France and Great Britain, which contain 
this strange assortment of prehistoric human relies and bones 
of extinct animals, cannot be set down as of later date than 
of a period' intermediate with the Severn lake period and the 
latter part of the glacial epoch. The drift of the Somme, 
near Amiens, containing stone implements, occupies a similar 
position above the River Somme, flowing 100 feet below 
in a scooped-ont valley, as our marine drift, with the remains 
of the long-haired elephant, occupies above the site of the 
Severn its scooped-out valley, and the fiUed-up lakes. Re- 
mains of the mammoth (E. primigenius), and of the Rhino- 
ceros tichorinus, were found in clay-beds overlying the Keuper 
marls, near the station of Malvern Wells, and between the 
station at Malvern Link and Worcester. 

New Bed Sandstone. — The geological starting-point for the 
railway traveller at the Shrub Hill station, Worcester, is npon 
the marls of the Triassic or New Red Sandstone period. The 
cuttings near the station expose sections of the Keuper marls ; 
and a short walk from Worcester to Crowle will take the geo- 
logist over a series of ridges, capped by drift, to the Lower 
Lias of Crowle, which overlies the upper Keuper rocks of the 
district. 
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The railway to Hereford, then, starts on rocks of the upper 
Trias, or New Red Sandstone, overlaid bj beds of marine 
drift. After passing the Forgate Street station, we croaa the 
sifted up lake of Worcester race-course and the River Severn. 
Just beyond St John's station, we meet with beds of gravel and 
sand, relics of that period when the valley of the Severn was 
an arm of the sea, and which overlie the Keuper marla. The 
Keuper marls arc aeon everywhere in the railway cuttings 
until we reach the mouth of the tunnel at Malvern Wells. 
The tremendous gap the geologist has to deal with in passing 
from the Pleistocene drifts, and their extinct mammalia, to the 
rocks of the Trias, is more easily expressed than understood. 
Geologists group together vast masses of rocks, charged with 
remains of various animals, into a divisionary classification, 
which represents vastly longer epochs of time than that un- 
derstood by the terra period, as the Primary (or Palseozoic), 
Secondary, and Tertiary epochs. I have alluded to the enor- 
mous lapses of time necessary for the fulfilment of the lake 
period of this immediate district. We have absolutely no 
elements of calculation as regards the period known as the 
Glacial epoch in respect of time; stil! less can we deal with 
the past eras of the upper, middle, and lower Tertiary sya- 
tems. What, then, shall we say of the age of our Worces- 
tershire rocks of the upper Triassic period. 

The Kocks of the New Rod of Worcestershire were ac- 
cumulated in their ocean-bed during the commencement of 
the Secondary epoch, — that long epoch during which the 
rocks of the Liasslc, Oolitic, and Cretaceous periods were 
deposited, with all their relics of successive and extinguished 
life; periods during which millions of animals were created, 
lived their allotted span, and died out. The Triassic rocks 
over which our railway traverses hear somewhat of such 
proportions to the close of the Secondary epoch — the Chalk 
period,— as the dawn (Eocene) period of the Tertiary eraa 
bears to the period of existing animals. The geologist, more- 
over, must bear in mind, as he traverses our Worcestershire 
Trias, that the upper beds of this series of strata have fur- 
nished the paleontologist with the relics of the first known 
mammalian animal, the Microlestes, or little beast of prey; 
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while we know that in America "the Brontozoum," a giant 
among birds, paced over the Triaasic shores. 

Time ! Will the astronomer measure ns off, in space, the 
number of inches that reckon the distance to the nebulie of 
the heavens? then may we hope to calculate the course of 
years that have elapsed since the rocks of the Trias were 
strewed in the sea-bed which contained the skeleton of the 
, Microlestes, the Rhynchosaur of Worcestershire, or since the 
sun shone upon the Triassic mud-flats of America, across 
which there paced birds which left prints of their feet twenty 
inches in length. 

I now enumerate briefly the series of strata and rocks that the 
railroad passes through between the entrance of the Malvern 
Tunnel, at the Wells, and the exit of the Ledbury Tunnel at 
Ledbury, near the turnpike on the Hereford coach road (Plate 
VI.). We have drift overlying New Red Sandstone on the 
east of the Malvern Hills; Syenite, Diorite, and Greenstone 
forming the nucleus of the Malverns ; Upper Llandovery beds 
and Woolhope shales in the tunnel ; the Woolhope limestone, 
Wenlock shales, Wenlock limestone, and Lower Ludlow rock, 
on the west side of the hills, followed by some beds of the Old 
Red series, violently faulted against the Ludlow rock at the 
extreme west end of the Malvern Tunnel. Then the open rail- 
way passes over Upper Ludlow rocks and some lower beds of 
the Old Red series, here and there covered with drift, until 
the Lower Ludlow rock is again traversed at the east end of 
the Ledbury tunnel. This is much faulted and brought up 
against Upper Ludlow shales and Aymestry rocks. The Wen- 
lock shales and the Wenlock limestone are then traversed ; 
these are much faulted, the Lower Ludlow beds again coming 
in, followed by Aymestry rock. Upper Ludlow shales, Down- 
ton sandstone, and, at the west end of the tunnel, by red and 
mottled marls, grey shales and grits, purple shales and sand- 
stones, vfith the Auchenaspis fish-beds, forming the passage- 
beds into the Old Red Sandstone, as described in my former 
paper (Qitar. Journ. Geol. Soc. vol. xvi). 

The beds at the entrance to the Malvern Tunnel consist of 
the upper grey and red marls of the Upper Keuper series of 
deposits, overlaid by a considerable thickness of debris, de- 
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rived from tlie cliaiu of the Malvcrua above, — an angular, 
local debris, due to atmospheric agency, and which overlies 
the northern drift, represented along the line of the Mai- 
verns by a strong tenacious clay, containing mammalian 
bones.* 

The tunnel section shows many feet of red and grey marls, 
passing into Keuper sandstones, much twisted and contorted, 
proving considerable movement along the axis of the Mal- 
verns since the deposition of the Triassic deposits. The 
lower red marls below the Keuper sandstones rest imme- 
diately against the syenite, at the distance of about two hun- 
dred yards from the entrance to the tunnel. They dip from 
the syenite at an angle of 55° to the aouth-eaat, and at the 
point of contact are much crushed and broken; as indeed is 
the syenite itself for several yards from the point of contact 
with the lower red marls. f 

Sijeniie and Plutonic Rocks — I have never passed through 
the Malvern Tunnel without a feeling of awe, knowing, as I 
did, that in examining the syenitic nucleus of the hills I was 
contemplating a record as ancient as aught we know of in our 
planet's csiatenco, a portion of the crystallised skeleton of 
this globe, a fragment of the planet's crust, which was conso- 
lidated before the deposition of those sedimentary deposits 
in which we first detect evidence of the existence of living 
beings. 

There is no doubt that the syenitic ridge of the Malrerns 
was formerly a Plutonic mass of lava-like rock in the interior 
of the planet, and that it constituted a portion of the sea-bed 
of a primeval ocean, after it had become cooled, crystallised, 
consolidated, and upheaved to the surface. We have evi- 
dence, along the flanks of the Chase-end and Ragged Stoue 
Hills, at the southern extremity of the range, that rocks as old 
as the Cambrian deposits of the Longrnynd and the Lingula 

* Since this paper went to press tbe nucbor baa eiaminfld a numbsr of teath 
of the rbinoceras, and portion! of iiiainmotli tObke, found in cU; overlaid bj 
local debris at Qreat Malvern. 

t 3ee tbs autbor^s pnper on Iha " TriaEsio Roclis in tbo Vale of WorEeiter," 
'■ Bdioburgh He.w Pbiloanpliical Journal," April 1S57, p. 2.^7. 
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flags of Wales were deposited upon the old syenite, when it 
was as much consolidated as at the present time, for the Cam- 
brian HoUybush sandstone has been seen in contact with the 
syenite, and this without a sign of metamorphism or altera- 
tion by heat. Whether the Hollybush sandstones and the 
overlying Lingula flags, with their little triiobites, Oleni 
and Agnogtns, their Dictyouema and Obolina, were deposited 
upon a flat Byenitic surface, or whether there was then a 
low submarine ridge running, as now, N.E. and S.W., we 
cannot say. 

We learn from the examination of the southern Malvcrns 
that igneous molten matter has been injected into fissures, 
and passed through crevices in the Hollybush sandstones and 
Lingula flags, along the flanks of the syenitic ridge, both 
east and west of the ridge. This fluid matter must have been 
ejected from below, through fissures in the solid syenite, which 
probably was then slightly elevated along the line of the axis 
of the Malverns. Altogether, we may be satisfied that volcanic 
action and earthquake movements took place along the axis 
of the Malvcrns during a period intervening between the de- 
position of the Lingula flags and the deposition of the Llan- 
dovery rocks (Upper Silurian deposits) ; for those Llandovery 
deposits, with their included fossils, have been laid down on 
trap, which had become cold and hardened before the deposi- 
tion of the overlying sedimentary deposits, for tliey present 
no sign of metamorphism within a few yards of the trap. 

The great mass of Lower Silurian rocks, described so gra- 
phically by Sir R. I. Murchison, in his last edition of Siluria, 
the Ltandeilo and Bala (or Caradoo) group of deposits, many 
thousand feet thick in Wales, are altogether absent along the 
flanks of the Malverns. This group of rocks we might expect 
to find deposited as well as the Lingula flags ; but they are 
wholly absent, their situation being occupied, along the flank 
of the south Malvcrns, by a range of trap bosses, which are 
succeeded by Upper Silurian strata (Llandovery rocks), which 
at Malvern Wells have been laid down on the syenite itself, 
and infiltrated into its crevices ; the interposed traps, the Lin- 
gula flags, and the Hollybush sandstone, being all deficient in 
the Malvern Tunnel. These rocks must have been denuded by 
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the action of marine currents along tte flaoka of the nortke^ii 
MalvernB previous to the deposition of the Llandovery strata. 
Traversing the Malvern Tunnel (Plate VI.) from east to 
west, you pass from the red marls of the Trias through sye- 
nitic rock, which 13 succeeded by great masses of graphitic 
schist, greenstone, chlorite, diorite, and hornblendic rocks, 
with large lumps of highly crystallised felspar, and these are 
are again succeeded by syenite, in a crevice of which there 
appears the vein of Llandovery limestone just alluded to. 
This wedge of sedimentary rock, which ia unaltered, and con- 
tains the characteristic fossils, Orthis calligramma and Pen- 
tamerus oblongus, must have been infiltrated into a fissure in 
the syenite, when washed by the waves of the upper Llando- 
very period, I shall not easily forget the days of exploration 
among the rocks of the Malvern tunnel, or the hearty and 
patient assistance I received from my friends, the Rev. Re- 
ginald Hill, Mr Alan Lambert, Captain Peyton, and the Rev. 
Mr Smith of Tarrington. For some beautiful sketches made 
in the tunnel, I have to thank Captain Selwyn, R.N. 

At about the centre of the tunnel a series of Llandovery 
limestones, shales, and sandstones, with many fossils, rest 
almost vertically against a wall of syenite, and these pass 
couformably into the blue Woolhope shales. Dr Grindrod of 
Townshend House, Great Malvern, has done wonders for the 
palaeontology of Malvern, and possesses a fine collection of 
fossils from the tunnel beds. 

The details and measurements of these rocks will be found 
in my paper read before the Geological Society of Loudon, all 
the measurements having been carefully made by Mr Alan 
Lambert, one of the engineers of the line. I am very much 
indebted to Mr Lambert for his valuable assistance in this 
somewhat arduous undertakiog; indeed, without it, the sections 
and measurements could hardly have been undertaken. The 
Woolhope shales and limestone are succeeded by the Wenlock 
shales, and when near the western mouth of the tunnel the 
Wenlock limestone is quarried. Here occurs a considerable 
fault. The Wenlock limestone partakes of the fault — the 
Lower Ludlow beds are thrown down altogether, with the ex- 
ception of a few yards of crushed clay ; the Aymestry rock 
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and Upper Lndlow shales are thrown down vertically, and 
some aandatonea of the Lower Old Red abut against Lower 
Ludlow atd Wenlock beds. The Old Red Sandstone is 
seen near the western mouth of the Malvern Tunnel. This, 
therefore, appears the place to say a few words on the mar- 
vetloua history connected with the physical geology of the 
western side of the Malverns, and throngh which our railway 



Forgive me if I do not state saccinctly, in a few lines, the 
details involved in a problem which cost Murchison, Phillips, 
and Strickland, years to work out, and their followers years 
to comprehend. All that I can do ia to mention briefly the 
leading particulars, which have been gradually arrived at, and 
are now accepted by all who have studied the problem where 
the physical geologist works out his proofs — on the mountain 
side, in the deep glen, in the recesses of brooks, in half fiUed- 
up quarries, and entangled woods. 

Sir R. Murchison and Professor Phillips, some years since, 
determined that the syenitic ridge of the Malvern Hills forma 
a part of a great line of dislocntion, extending for at least 120 
miles, from Flintshire on the north to Somersetshire on the 
south — that this line of diatarbance forms the eastern boundary 
of that vast region of elevation which includes the whole of 
Wales, and that the principal movement which caused this 
elevation took place between the Carboniferous and Triassic 
epochs, although evidence of later elevatory movements is not 
wanting. 

For unnumbered ages the waves of an ocean rolled over 
the Plutonic masses of which our hills arc probably but the 
merest fragment ; and for unnumbered ages thousands of 
feet of mineral masses accumulated around and above the 
Plutonic reef that stretched north-east and south-west across 
tho sea. 

We know that the syenite had been consolidated and cooled 
before even the deposition of the Hollybush sandstone. It 
probably was slightly elevated along tho Malvern axis before 
the deposition of the Llandovery sandstone ; but the longer I 
study the history of our giants of time, the more I am con- 
vinced that this upheaval was slight, and that the whole mass 



Rev. W, 8. Symonds on the Geologif of 

of the Upper Silurians, the Old Red Randstone, and the Car- 
boniferous deposits, was once accumulated thousands of feet 
above that Malvern ridge which now stands out so boldly 
above the plain. 

Here I would ask attention to a graphic description, by our 
lamented friend Mr Hugh Strickland, of the phenomena which 
occurred after the deposition of the Carboniferous deposits. 
This description occurs in some unpublished lectures which he 



Old Red Sandsl 




Pig. 1. 

delivered at Oxford, and the sketch (Bg- I) represents the 

accumulation of strata above the syenite at the close of the 
Carbon if erons period. 

" The sjenitic axis of Malvern, eight miles long, about half 
a mile wide, and almost perfectly straight, naturally suggests 
the idea of a vast dyke of injected trap-rock. But Professor 
I'hillips has successfully shown, from the absence of lateral 
ramifications of syenite, from the rare and slight indications 
of metamorphic action, and from other phenomena, that the 
Plutonic ridge must have been elevated in a solid state. 
Indeed, the fact that it occurs, not on a line of simple fissure, 
hut on a line of fault, is conclusive of its having been elevated 
as a solid ; for the downcast side being lower by several thou- 
sand feet than the upcast, the syenite, if fluid, could not have 
been raised to its present position, but would have overflowed 
the downcast side to a great distance. 

" Admitting this wall-like mass of syenite to have been forced 
up from below in a solid state, we at once obtain a clue to the 
vertical or highly inclined (sometimes reversed) position of the 
■sedimentary strata on the west or upcast side of the Malvern 
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ridge. It appears, tben,tliattlie Malvern disti-ict, though form- 
ing part of a great line of fault, yet exhibits the phenomena of 
fault under a vorj complicated aspect. To explain this, I 
mnat refer for a moment to a few elementary principles. In 
the simplest form of a fanit, when one portion of a horizontal 
stratum is elevated by an equally diffused pressure from below, 
while the other portion remains at rest, the stratum preserves 
its horizontality up to the very plane of separation (fig. 2). 




Fig. 2. 

Or, more fre(juently, the friction of the two masses causes the 
strata to bend slightly towards each other on the opposite 
surface of the fault (fig. 3), Again, if the upward pressure be 
confined to a line, instead of being spread over a eur/ace, the 
strata are thrown in opposite directions, and an anticlinal, 
with or without a fault, is the result (figs, i and 5). 



5^5^^ 



Fig. 4. 

" But the Malvern region presents us with a construction of 
both these kinds of forces, and of both their resulting pheno- 
mena. There has been an elevatory force diffused, more or 
less equally, under a vast area, which has heaved up in a 
mass the entire region for hundreds of miles to the westward of 
the Malvern axis. And there has also been a special force ap- 
plied immediately beneath this axis, which has given an extra 
amount of elevation to the marginal portion of the upcast 
area. 

" It is this excessive development of motive force at ihevery 
margin of an elevated region, and in immediate contact with 
a non-elevated tract, that renders the phenomena of the Mal- 
vern Hilts peculiarly anomalous. Under ordinary circum- 
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stances, when an upward force is applied locally Above a, line, 

it acts equally on both sides of that line, elevating the strata, 
as already shown, into an anticlinal position. If, however, the 
resistance be greater on one aide of the axis than on the other, 
a certain amount of displacement takes place, and the anti- 
clinal arrangement is combined with that of a fault (fig. 6), 

" The Malvern elevation is pro- 
bably an extreme and unusnally 
exaggerated inntance of the last 
class of phenomena. If we could 
strip off the thick mantle of 
New Red Sandstone which con- p's- 6 

ceala the eastern side of this axis, we should probably find the 
strata from the Hollybuah sandstone up to the Coal Measures 




more or less upturned at their edges (fig. 7). So vast a force 
as was required to elevate the syenitic axis could hardly have 
failed to shatter and twist up the margin of the deposits on its 
eastern or downcast side, although their amount of stratical 
resistance was such as to forbid any general elevation of them 



" Assuming that the above diagram represents the probable 
appearance of this region before the deposition of the New 
Red Sandstone, let us endeavour to trace the mode of action 
of the forces which produced it. There ia evidence that ele- 
vatory movements have taken place along the axis of the 
Malvern chain before, as well as since, that great and tran- 
sient outburst which dates between the Carboniferoua and 
Triaasic epochs. A mass of syenitic rock had been elaborated 
by igneous agency beneath this tract in very remote geolo- 
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gical times. It had become solidified, and had been elevated 
above the oceanic surface before tho Upper Silurian forma- 
tiona were deposited. The sections on the west side of the 
Malvern Hilla show that the mollusca and corals of the Cara- 
doc* (Llandovery) sandstone lived and flourished in immediate 
contact with the plutonic rock, and that pebbles of the latter 
were rolled into tho sea of that period, and there imbedded in 
company with the animal remains, — (See Nev) Geol. Survey, 
vol. ii, p. 33). We may therefore suppose that at the period 
of the Caradoc (Llandovery) sandstone a state of things pre- 
vailed such as is here represented (fig. 8). 




"To what extent the Cambrian series, whose thickness in 
Wales exceeds 20,000 feet, may here have underlaid the 
Caradoc (Llandovery) sandstone, we have no evidence. All 
that wo know is, that the syenite had been consolidated, 
cooled, and partially elevated before that portion of the Siln- 
sian series known as Caradoc (Llandovery) sandstone was 
deposited, This most ancient elevation of the syenite was 
probably small in amount, and was wholly covered up by the 
formations which succeeded the Caradoc (Llandovery) sand- 
stone, and which contains no fragments of syenitic rocks. 

" In order to explain the phenomena which now took place, 
it may be legitimately assumed, that the floor of solidified 
syenite on which the sedimentary deposits rested was itself 
underlaid by igneous rocks in a fluid and active state. Let 
it be further granted that the present breadth of tho Malvern 
syenitic (averaging half a mile) approximately represents the 
t/iickness of this hypogene stratum of solid plutonic rock. 

* When thie pa[ier waa penoed bj Mr Strickland the Llandoverj bedi of 
MalTern were believed to be CarudDG rocki, until the mistake wae discovered 
by ProfesBor Sedgwick. 

NEW SKRIES. VOL. XlJl. NO. II. — APRIL 1861. 2 E 
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" Such I assume to have heen the condition of things when 
that vast elevatory movement which upheaved the westerroost 
Bide of our island commenced. It is irrelevant here to in- 
quire whether thia general flpheava! was effected by the mere 
espansiou caused by increasing temperature, or by the intro- 
duction from other quarters of vast masses of fluid matter 
beneath the elevated area. It will be sufficient to admit 
that a special volcanic focus existed beneath the syenitic 
axis of Malvern, and that its energies were called into ac- 
tion simultaneously with the more general movement which 
elevated the area of Herefordshire and Wales. 

" We may uow suppose that the elevatory forces beneath the 
Cambrian region had accumulated bo as to overcome the 
superincumbent weight, while the region to the eastward, 
cither from its greater rigidity, or from the less amount of 
subjacent force, remained in a quiescent state. A separation 
would now take place between these two areas ; a long and 
sinuous line of fracture would divide them, and the region 
where force had overcome resistance would begin to rise 
higher and higher above the area which remained unmoved. 
The previous elevatory movement, which has heen shown to 
have existed along the Malvern axis, probably rendered this 
a weak point in the earth's crust, and caused the line of frac- 
ture to coincide with that axis. As soon aa one side of thia 
line began to rise, and a fault to be produced, the volcanic 
furcea which had been pent up beneath the syenitic axis 
would now find, or endeavour to find, a vent. Struggling 
to escape along the line of fault, they would thrust up the 
solid syenite above them, raising it above the downcast area, 
and elevating, overturning, or crumpling up the edges of the 
Silurian, Devonian, and Carboniferous strata, which rested 
upon it. 

" In the section (fig. 7) in which those portions of the 
strata which have been removed by denudation, or which lie 
too deep to be visible, are supplied conjectural ly, I have sup- 
posed that a vast mass of Silurian, Devonian, and Carboni- 
ferous rocks has been upheaved en masse, the lower strata 
near the syenite being more or less fractured, crushed, or 
contorted. Tlie thickness of the denuded strata may a 
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enormous, but it is founded on the careful measurementa of 
the Geological Survey, which give more than 5000 feet for the 
Old Red Sandstone of Herefordshire, and 2500 feet for the 
incumbent Coal Measures at the nearest point (Dean Forest) 
where the undulations of the beds have saved them from de- 
nudation. 

"The volcanic matter which I suppose to have thus forced 
up the solid strata may itself have never reached the surface. 
The plutonic axis of Malvern seems only to exhibit its up- 
heaving effects, and to show no signs of fluid ejections con- 
temporaneous with the elevation. It is possible, however, 
that volcanic matter may have poured out over the downcast 
area, where it is now concealed by the New Red Sandstone; 
and the laterally injected dyke of Brockhill, aa well aa the 
trappean masses in the black shales on the west of Ragged- 
stono and Midsummer Hills, are not improbably connected 
with the volcanic forces which thrust up the syenite. 

" The detached indications seem to show that the volcanic 
matter which underlies, and which has elevated this region, 
is different in mineral character from the more ancient syenite 
of Malvern, and is probably more allied to greenstone or basalt. 
The trap-rocks of Wire Forest, north of Apperlej, further cor- 
roborates this view. 

" In tracing to the north or to the south that long line of dis- 
location of which the Malvern Hills form a part, we find a 
continuation of analogous phenomena, more or less modified 
by local circumstances. The Apperley range of hills is, as is so 
ably shown by Professor Phillips {Rep. Geol. Surv.. vol, li, p. 
145), completely analogous to the Malvern district, the chief 
difference being, that the syenitic axis which upheaved the 
Silurian rocks is here almost wholly concealed from view, and 
(with one small exception) ia known only by its effects. The 
Silurian and Old E«d Sandstone formations are here, as on 
the vrest side of Malvern, overturned for a distance of several 
miles. It is certain that an enormous fault-line runs along 
the eastern side of all this disturbed and elevated district, and 
the downcast region on the east has remained relatively rigid 
and unmoved. In accordance with the well*known law, that 
the plane of a fault (almost invariably) dips towards the 




Rev. W. S. Symonds on the Geology of 

downcast aide, it is evident that the surface of the fault would 
act as an ' inclined 
plane,' or vedge, in 
reference to a vertical 
uplifting of the strata 
on the weat, and would 
force them over to acer- 
tain distance in a late- 
ral direction (6g. 9). 
'^' The same natural force 

would explain the sharp anticlinal curves Into which some parts 
of the Ridge Hill near Apperley are compressed, as shown in 
'Rep. Geol. Surv.,' vol. ii. p. 151- 

" At numerous other points, as we proceed northwards along 
■thecastcrnlimitoftheelevated dis- 
trict, or southwards by May Hill 
toTortworth, we find indications of 
the same great liQeoffault(fig. 10). 
Sometimes (as at Oswestry and 
■p. j(( Higley) these faults have affected 

the Lower New Red Sandstone as 
well as the Carboniferous rocks, proving that there, at least, the 
elevatory movement was subsequent to the commencement of 
the Permian epoch. The great marginal fault seems to have 
formed a nearly vertical cliff, against which the Upper or 
Triassic portion of the New Red Sandstone was deposited, as in 
the Shropshire coalfield at Bewdley, Apperley, Malvern, May 
Hill, and Pyrton Passages. The Cambrian and Herefordshire 
area having now become elevated above the eastern region, and 
the volcanic forces having spent their energy in thrusting up 
and overturning the syenite and incumbent strata of Malvern, 
a period of comparative repose ensued. The elevated region 
had become dry land, while the downcast area remained be- 
neath the sea. The sands aud marls of the Triassic series 
filled up the bed of this sea ; while its littoral waves, beating 
against the syenitic cliffs of Malvern, formed accumulationa 
of conglomerate such as those of Rosemary rock and the 
Berrow aud Woodbury Hills. Not unfrequently the Triassic 
ocean seems to have wasted away this ancient sea-coast for a 
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considerable distance, so aa to have overlaid with detritus the 
actual line of the fault. 
" The Malvern Syenite, from its solidity, resisted this denud- 
ing action ; but immedi- 
ately to the west and south 
of this ridge, the Triassie 
ocean has excavated con - 
siderable bays into the 
elevated strata, and fre- 
quently thegreatfault line 
with detritus(fig.ll). The 
faults which penetrate 
the New Red Sandstone and the incumbent Lias prove that oc- 
casional disturbances still continued to affect this district. The 
gently-inclined beds of New Red Sandstone at Great Malvern 
point to a slight renewal of the elevatory force. But those later 
disturbances were trifling when compared with the forces which 
were in action at the close of the Carboniferous period. The 
succeeding ages may be regarded as periods of repose. The 
Oolitic formations were successively piled upon the Triassie 
rocks, and may possibly have raised this downcast area to the 
same level as the upcast portion. The elevated area meanwhile 
was undergoing a vast amount of denudation. During the 
long ages of the Triassie and Oolitic systems it was doubtless 
exposed to atmospheric degradation, and was supplying the 
adjacent ocean with much of its sedimentary matter, as is ably 
shown by Professor Ramsay {Mem. Geol. Surv., vol. i. p, 297j. 
The denuding forces, which were so active in the Pliocene 
period, terminated their vast operations, and gave to this 
rugged and dislocated area those smooth and undulating out- 
lines which it now presents, and which are further modified 
by the daily action of the atmosphere." 

This is a summary penned by a master-hand, alas ! now cold 
in death, of some of the phenomena connected with the Mal- 
vern syenite and the stratified deposits piled against the wes- 
tern side of the hills, the newest of which is the Old Red 
Sandstone; as the overlying Carboniferous rocks have been 
denuded from the Malvern area, though preserved around the 
forest of Dean. 
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It is a raarvelloQS lesson in physical geology — a lesson 
that requires long and patient study among the distant 
hills of the Welsh coal-field, the mountains and the valleys 
of Herefordshire, thoroughly to appreciate ; nevertheless I 
would recommend the young geologist to make himself ac- 
quainted with certain principles of the geologic histories he 
will have to deal with before he leaves the rocks of Old Mal- 
vern or the first fragment of Old Red Sandstone that rests at 
the western base of the hills, and ia near the eiit of the Mal- 
vern Tunnel. 

The railway passes over these Old E«d beds, generally 
obscured by drift, until we reach the Bartons, the residence of 
Mrs Peyton, a large brick house on the left hand, and which 
stands on Upper Ludlow Rock, dips to a synclinal, and rising 
again into a considerable hil! on the right, above Hopend, 
strikes westwards, in a long ridge, towards Ledbury. The 
bridge, across which the railway traverses immediately below 
the Bartons, rests upon a foundation of Lower Old Red faulted 
at a high angle against the Upper Ludlow rock. My 
attention was drawn to this interesting fact by my frieDd 
Captain Peyton ; and on examining the rock, I found it to be 
no other than the grey fish beds of the passage-rocka between 
the Upper Silurians and the Old Red, the Auchenaspia beds of 
Ledbury. 

Upper Ludlow shales, overlaid by drift which have afi'orded 
remains of the mammoth {E. primigenius) and rhinoceros, 
succeeded by Aymestry rock and Lower Ludlow shalea, are 
seen in the cutting on entering the Ledbury Tunnel. The 
red clays and shales overlying the Lower Ludlow beds in the 
cutting are relics of the Old Red, which, now denuded, overlaid 
the whole of this district probably to aa late a period as that 
of the glacial drift. 

We enter the Ledbury Tunnel in the Lower Ludlow ahales, 
and, at a short distance from the entrance, these beds are 
much faulted and brought up against Upper Ludlow shales and 
Aymestry rock. Thia fault has been sketched by Mr Alan 
Lambert. The Wenlock shales and limestones are then tra- 
versed; these also are much faulted, the Wenlock limestone 
being actually thrown down into a horizontal position, the 
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workmen having to quarry for a considerable distance along 
the strike of this hard limeatonc. The Lower Ludlow beds 
again come in here, in their proper position, followed by the 
Aymeatry limestone with Pentamerus Knightii, Upper Lud- 
low shales, and Downton sandstone, which pass conformably 
at the western end of the tunnel, though at some distance 
from the mouth, into red marls, and, at the tunnel mouth, into 
a gray grit, the passage-beds into the Old Red Sandstoue. 

In my communication to the Geological Society of LoTidon, 
" Ou the Passage-Beda from the Upper Silurian rocks into 
the Lower Old Red Sandstone at Ledbnry,"* I expressed my 
conviction that nowhere in the world is there exhibited such 
a view of the passage-rocks between the Silurian and Old Red 
systems as at the entrance to the Ledbury Tunnel on the 
Worcester and Hereford Railway. 

With the aid of my friends, Mr Richards, engineer, and the 
Messrs Ballard, contractors on the Hereford and Worcester 
Railway, I worked for hours in the tunnel with the measuring 
line and clinometer, and we ascertained beyond a doubt that 
the beds are perfectly conformable from the Aymestry lime- 
stone in the tunnel to the Old Red beds at the end of the 
cutting near the turnpike. There is not a sign at Ledbury 
of the fault which at Ludlow ruins the succession of the pas- 
sage-rocks, and has led to much misinterpretation respecting 
the true position of some of the beds. 

The fossils from the Upper Silurian rocks of the Ledbury 
Tunnel are abundant, the principal discovery being that of 
the Pentamerus Knightii, by Henry Brooks, shoemaker, of 
Ledbury, who has done more than any one in the neighbour- 
hood towards elucidating the palseontology of the Ledbury 
rocks, by his assiduous collection of the fossils. The Downton 
bed in the tunnel furnished to the researches of Mr Colling- 
wood of London the characteristic Downton Lintfula, which 
has been found also in red and gray beds higher in the series, 
associated with the larger species of the tilestones of Mur- 
chison, Linyula cornea. 

Both in Ledbury Tunnel and at Hagley, Lugwardine, near 

Hereford, the yellow Downton beds are seen to pass conform- 

* Quart. Journ. Gaol. Soo., May 1860. 
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ably into a Bcries of red and mottled marls and sandstones, 
whicli had furnished a lingula, and, at Ledbury, a portion of 
the dermal plate of that little cephal asp i dean fish, Fteraspis. 
The Earl of Enniskillen possesses this specimen ; and neither 
his Lordship nor Sir P. Egerton, who examined it at the 
meeting of the British Association at Glasgow, could distin- 
guish between this plate and that of I'teraspis LloydU of the 
Lower Old Red. 

A band of gray shale, and thin, gray gritty sandstone, now 
bricked up, just within the eutrance to the tunnel, furnished 
portions of that fine Cephalaspis, C. Murchisoni, and a pincer 
of Pterygotus to the researches of Henry Brooks. 

The lover of physical geology may still see the gray fish 
beds (Auchenaspis grits) at the western entrance of the Led- 
bury Tunnel ; but, alas ! we can never restore the picture, once 
presented to our view, of the gray curtain of rock, charged with 
the relics of long extinct fish, that stood so boldly out with 
red shales in the foreground, and purple shales in the back- 
ground — a monument of gray stone set in a framework of 
Nature's own manufacture, and sculptured with those hiero- 
glyphics the geologist lores to decipher. 

The fish (Artchenaspis Saltert) are so abundant in these 
beds, that I have seen in Henry Brooks's possession as many 
as four heads upon a slab a foot and a-half in diameter. The 
tail and body of this little fish are unknown, probably because, 
like the little Pimelodi of the Ganges, the Auchenaspis was 
a ganoid fish that had the fore part of the body covered with 
strong plates, with the tail naked and unprotected. The Pi- ■ 
raelodus is a strongly helmed fish, with a naked hody, which 
burrows in the holes of muddy banks, from which it shoots its 
armed head, and arrests, as they pass, the minute animals on 
which it preys.* 

These beds have also furnished portions of the fossil fishes 
Plectrodua, Cephalaspis (probably a new species), Pteraspia, 
and Onchus. Pterygotus occurs here, with its fossil spawn. 
Parka dectpiens, also a good-sized Lingula, with vegetable, 
probably fucoid, remains. These beds are without doubt the 
equivalents of the rocks which have furnished so many fossil 
* See Ilngh Millor'a " Ramhlos of a Geologiat," p, 288. 
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treasures to Mr Lightbody of Ludlow, the President of tbe 
Woodhope Field Club The Auchenaspis beds at Ledbury paaa 
upwards conformably into a series of red marls, with pink, 
yellowish, and gray sandstones, containing plates of Cepha- 
laapis and Pteraapis, which are undoubtedly the base of the 
Cornstone series of the Old Red Sandstone. The fossil evi- 
dence furnished by the paaaage-rocks at Ludlow is important 
when compared with that of tbe Ledbury deposits many miles 
apart. The Lower Ludlow rock of the Ludlow diatrict baa 
furnished the oldest known relic of a vertebrate animal, the 
ganoid plate of a placoganoid fish, the Pteraspis Ludensis. 
The Upper Ludlow deposits of the Ludlow diatrict have also 
furnished plates of Pteraspides below the well-known hone- 
bed. At Ledbury we have not diacovered the hone-bod, but 
in tbe overlying strata we find remains of the same species of 
Pteraspis, Auchenaspis, and Cephalaspis, which characterise 
the equivalent deposits at Ludlow; and theae are associated with 
tbe same species of Lingula and Pterygotus which abound in 
the Ludlow depoaita. Theae facta, when aasociated with that 
thorough conform ability of the Upper Silurians of Ledbury 
■with the overlying Old Red Sandstone already mentioned, are 
facts that a geologist will do well to remember when studying 
the section at the Ledbury Station. 

The stranger should take a guide who knows tbe distant 
scenery, and ascending the hill of the Frith Wood near the 
town, should study with the Ordnance Map the geography of 
the country towards the west. I have said that the whole of 
the Old Red Sandstone once lay above the Silurian rocks of 
Ledbury and Malvern, and covered up Silurian depoaita as 
the present surface deposits of our ocean beds cover up the 
masses that lie thousanda of feet below them. 

The beds of the Old Red at Ledbury are the lowest of a series 
of strata on thebordersof Herefordshire, which have been care- 
fully estimated at a thickness of from 8000 to 10,000 feet. 

The rounded hill on the left hand and north-west of Ledbury 
about a raile, is called Wall Hills Camp, and consists of a 
series of marls, impure limestone (Cornstone), and thick red 
and gray sandstonea, the uppermost of which are, I am con- 
vinced, at least two thousand feet above the uppermost Si!u- 
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rian rocks. This Old Red (Cornstone) hill of Wall Hills Camp 
13 well worth; of study and observation on coramencing tho 
investigation of the geology of the Old Red of Herefordshire ; 
for in a wood opposite Ledbury may be seen old quarries of 
impure Old Red limestone,which, intervening as layers between 
the maris and sandstone, has preserved many a wooded hill of 
Herefordshire from the denuding force of waves and currents, 
which for numberless ages swept far and wide over the district 
before us. 

The Cornstone beds of the Old Red of Herefordshire com- 
mence low in the series as thin, nodular, impure, limestone 
bands, charged with the remains of fish, as seen in the parishes 
of Cradley, near Malvern, Trimpley, near Kidderminster, and 
Leyster Pole, Leominster. These beds of impure limestone 
appear in different horizons of the Lower Old Red, interst ratified 
with marls and sandstones; the highest band being the large 
sub-crystaliine masses of the Brown Clee Hills, Foxley, Oroop, 
the Graig, Eyas Harold, and Whitfield. Tho sub- crystalline 
Cornstone underlies, where not denuded, thick masses of red, 
gray, and brown sandstone rocks, which constitute the strata 
of the Scyrrid and Black Mountains, On Wall Hills we trace 
the remains of an ancient British camp; and the Cornstone 
quarry furnishes the remains of the characteristic fish Cepha- 
laspis Lyelli. The hills of Canon Frome, on the right hand, 
or the east, in travelling towards Hereford, consist of the same 
strata as the Wall Hills, having resisted the denudation which 
has scooped out the intervening valleys down to the lower 
marls. 

For the whole distance from Ledbury to Hereford the rail- 
way traverses strala appertaining to the beds of the Lower Old 
Red Sandstone, the zone of Cephalaspis and Pteraspis in Here- 
fordshire, and of Cepha!a^:pia in Scotland. For the further 
examination of the beds of the Cornstone series, the geologist 
must examine the hills around Hereford, and then proceed to 
the Scyrrid, Blorenge, and Sugar Loaf, near Abergavenny, 
and to the Daren and Pcn-Cerrig-Caleh, near Crickhowel. 
Hero the brownstones, marls, and chocolate sandstones, that 
overlie the upper Cornstones, may be studied to advantage, as 
well as the uppermost beds of the Old Red ; the conglomerate 
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and yellow and gray sandstones which are seen pass upwards 
at the Daren and Pen-Cerrig-Oalch into the Carboniferous 
slialea, the base of the Carboniferous roclca.* The stranger 
must not suppose that the long range of hill he passes on the 
left (west), after leaving Wall Hills, belongs to the series of 
Old Red deposits. This range of hill, at the base of which is 
situated Stoke- Edith Park, the seat of Lady Emily Foley, is 
an upcast of Upper Silurian rocks, which westward, at Wood- 
hope, forms a kind of dome, the top of which is denuded, the 
outside rim being presented towards the valley of the Here- 
ford and Worcester Railway. The strata at Tarrington and 
Stoke-Edith are the equivalent rocks of the passage-beds of 
Ledbury. Shucknell Hill, on the east (right hand) of the 
valley of the Fromo, is another Silurian upcast, and presents 
a good escarpaicnt of Aymestry rock quarried for road stone. 

At Bartestree, Lugwardine, a dyke of greenstone or diorite 
is seen to traverse and alter the Lower Old Red Sandstone, 
the Old Red beds being roasted into hornstone. A few fields 
farther north, near the house called Hagley Park, we may see a 
very good section, exhibiting the passage of the Upper Ludlow 
rook, with its hone bed, into the yellow Downton beds, succeeded 
by red marls precisely similar to those in the Ledbury Tunnel. 

At Lugwardine, which the railway leaves a short distance 
to the west, there aro extensive quarries of red sandstone of 
the Lower Old Red which afiurd fragments of the plates of 
Fteraspis, Cephalaspis, and a few triturated relics of plants, 
probably sea-weeds. 

The city of Hereford stands principally on an alluvial gravel 
of the ancient Wye, from underneath which the Lower Old 
Red rises on every side. As in the vale of Severn, there is 
evidence that lakes have been silted up, and river currents 
have changed their courses, since the present con6guration of 
the surrounding laud. The Lugg Meadows, near Hereford, 
the Fromc Meadows, and the great bend of the Wye between 
Rotherwas and the confluence of the Lugg, were formerly lakes 
now silted up by the ancient Wye. The Wye, however, is a 
much more rapid stream than the Severn, and destroys its 

■ 3eB tho mthov's papera "Edin. New Phil. Juur.,'* Oct. t8S6, A|)ril 18S8. 
aad /prll 1859. 
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bankB far more rapidly, thus forming, destroying, and re- 
forming river alluvium. I have yet to examine carefully the 
chronological history of the Wye. as compared with that of 
the Severn. A careful paper, by Mr Charles Richardson 
of Ross, appeared in the "Edinburgh New Philosophical 
Journal" some years ago (July 1857), which deserves the 
careful attention of geologists. I know something of the 
Wye and its alluvium, though not sufBcient to enter into the 
minute details requisite for Mr Richardson's calculations. 
These calculations are carefully summed up in his " Chro- 
nological Remarks on the River Wye ;" and the results 
arrived at are, that the Wye has flowed over the Old Bed rocka 
of Herefordshire /or more than eleven millions ofy^irs. We 
do not possess the same fossil evidence of the antiquity of the 
valleys of the Wye and Lugg as we do of the antiquity of the 
Severn and Avon vales. We are deficient in our relics of 
rhinoceros, hippopotamns, and the ancient ruminants ; never- 
theless the physical geologist doubts not that the valley of the 
Wye is at least as old as the period of the Severn lakes. We 
thank Mr Richardson, therefore, fur giving us in full the 
items on which he has based his calculations, and we have 
reason to think that the rate of the wearing away of land would 
certainly not be found more rapid than he has estimated ; 
unless we call in the aid of some catastrophic phenomena, of 
which there ia not a tittle of evidence, if we have read aright 
the history of the ancient Wye. 

ObBerualioiis on Temperature in connection with Vegetation, 
having special reference to the Frost of December 1860. 
By J. H. BALFouif, A.M., M.D., F.R.S, Professor of 
Botany. Including a Report on the Effects of the late 
Frost on the Plants hi the Royal Botanic Garden of 
Edinburgh. By Mr Jamus M'Nab, Superintendent of the 
Garden.* 

Meteorology has important bearings on various departments 
of natural science, and it has special relations to botany. Heat, 

* The substance of tbis pn^ier nos euiuiDunlcated (O tbe Ueleui'ologl^l and 
BulauiCHl Socictiee of Ediubiirgh. 



On Temperature in connection with Vegetation. 233 

light, inoiBture, and air are essential for the various pheno- 
mena of vegetable life, whether viewed in connection with the 
individual plant, or with the distribution of genera and species 
over the globe. It is of great importance, therefore, that 
accurate meteorological observations should be made in our 
botanical institutions. Our gardens ought to be supplied 
with good instruments, and our gardeners trained to accuracy 
in observing. The ordinary instrumentB required are of 
simple construction, and for their examination no great amount 
of skill or expenditure of time is demanded ; and for working 
out the conclusions to be derived from them, none but the 
simplest rules of arithmetic are needed. 

Dr Hooker, in the '-Gardener's Chronicle" for 1856, remarks 
— " Hitherto, the very facility of observation, the simplicity of 
the formulae, and the cheapness of the instruments, have too 
often proved obstacles to the progress of meteorology, from 
having led to carelessness in the observations. The thermo- 
meters in common use are faulty to a proverb ; and it ia not 
too much to say, that in nine eases out of ten no one attaches 
.any confidence to the temperatures recorded by gardeners, 
though there is no reason whatever why these should not be 
as accurate as a record of Greenwich Observatory. Tlie ther- 
mometer itself ia so cheap that its goodness is seldom inquired 
into; and it ia, moreover, often imagined that the relation of 
the mercury to the scale ia analogous to that of the magne- 
tised end of the compass-needle to its card, and that as all 
magnetised compass-needles must always point to the mag- 
netic north, BO all columns of mercury must stand at the same 
height at the same time, if placed in reasonable proximity to 
one another. Aa little regard is paid to the reading off as to 
the selection of the instrument, and the fact that it often 
makes several degrees of difference in the result, whether the 
observer looks from above or from below to the point of the 
scale where the mercury stands, is very often disregarded. 
So, too, with regard to the position of the instrument — its ex- 
posure and height from the earth, provided it is out of the 
sunshine, few care where it is put. Paradoxical as it may 
Eeem, it is not the leas true, that were the thermometer a 
costly instrument, and one troublesome to consult, the b 
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of meteorology would now be far advanced beyond its present 
stage, and few would have bought any but a good instrument, 
or failed to place it in a good position, to observe it accurately, 
and to work out the results conscientiously. Nine-tentha of 
the observations would then be available for science. The 
correctness of these statements ia seen in the records of un- 
usual temperatures, like that which has occurred recently. 
We 6nd places not a milo apart showing differences of tem- 
perature of 10" or more, at times when the temperature is 
steadiest." 

It is to be hoped that the efforts of the Meteorological 
Society of Scotland will lead to a better state of things. Ac- 
curate instruments are now procurable at a moderate price 
(although not at the price usually paid for a gardener's ther- 
mometer). Simple rules for placing and observing the instru- 
ment have been drawn up, and there ia every reason to 
believe that we have a staff of careful observers in various 
parts of Scotland. 

Thermometera are usually placed at 4 feet above the level of 
the earth. This shows the temperature to which many bushes 
are exposed, but it does not give that which every herbaceous 
plant experiences, nor that to which the leaves, flowers, aud 
fruits of trees are suiijected. The temperature of the surface 
of the soil is occasionally very much lower than that above it, 
as shown by dew aud hoar-frost. Hooker remarks, that 
" though the observations of Marcet of Geneva, and of Prin- 
cipal Forbes, have shown how the temperature varies at 
different elevations and under different circumstances, data 
are wanting from which any general laws may be deduced for 
calculating the rates of diminution at different localities, 
seasons, and hours, from the surface of the soil up to 300 feet 
above it ; at about which elevation the diminution due to the 
action of the soil itself is no longer appreciable." 

The difference of temperature at different levels is well 
shown by the observations of Quctelct at Brussels ; — 

Metiu Temperature of Year. 
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Thus the height at which thermometers are placed has a very 
mnterial effect on their indications. 

In Brussels the thermometer at 10 8 feet elevation stands 
5""6 above one placed on the surface of the soil, and in winter 
a little below it; and at extreme temperatures, where the ob- 
servations differ most and are most commented upon, the upper 
thermometer in summer and autumn stands as the mean 9°'7 
above the lower, and in winter 13^'4 below it. 

DecaudolJe says, that according toMarcet's observations at 
Geneva, the temperature ordinarily increases with the eleva- 
tion above the ground, and that this difference is greater in 
summer than in winter, but that, nevertheless, in particular 
cases of extreme cold, the difference is enormous; as, for in- 
stance, on 20th January 1838, when an eievatod thermometer 
stood 14" above another 50 feet below it. In continental 
countries, the differences are greater than in islands, because 
of the clearness of their skies, and their more variable tem- 
peratures. It is ohviou=i, then, that a tree, herb, or shrub, 
growing side bj side, are exposed to very different degrees of 
temperature. This no doubt invalidates the means of com- 
parison of many facta which have been accumulated as to the 
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effects of froat ; " for," as Hooker again remarks, " puttiug 
aside the errors of instraments and observation, and the 
local disturbing causes that affect every place, it follows that 
no available information is given by such facta oa that at 
Brighton a temperature of 18° killed such and such a plant, 
whereas in London a temperature of 10° did not affect it; 
unless the height of the individuals be given, their elevation 
above the main level of the soil if planted on mounds, and 
that of the thermometer also-"* 

Decandolle thinks that, aa the height of the same species is 
much the same everywhere, whatever correction is to be ap- 
plied to the observed temperature will probably not differ 
much in different countries. It is not, however correct, to state 
that the heights of the same species are usually the same. 
They differ often by several feet, and this may make a differ- 
ence in the temperature. 

My friend M. Charles Martins has recently made experi- 
ments in the Botanic Garden at MontpelHer, on the nocturnal 
temperatures. We shall give some of the reaulta. Agri- 
culturists have long known that delicate plants, and even 
cereals, suffer much more from cold in valleys, or in depressions 
of the soil, than on eminences or on slightly elevated hillocks-f 
Six, Pictet, Marcet, Bravais and others, found experimentally, 
that during the night, and about an hour before sunrise and 
sunset, the temperature increases with the height in the lower 
atmospherical strata. They found that the increase was more 
marked the clearer and calmer the atmosphere. 

M. Martins, in place of studying the nocturnal increase of 
temperature at a given moment, tried to ascertain what was 
the distribution of the greatest cold during the night — that ia 
to say, the minimum. For a period of fifteen months he experi- 
mented during ninety-seven serene calm nights without rain. 
Six alcoholic thermometers, with uncovered bdbs, and radiating 
freely in all directions, were placed at heights varying from 

* The fncta Bnd obscrvalionB above recorded sre the eutstiincc of a payer by 
1)r Hooher in the " Gardener s Chronicle'' for 1S6S. 

t In regard to the plnQtBtiona oil the MLlEiri UllU, Dr CUghorn statefl ;— 
" The frost Is detrimental to the joung treea situated in Ihe low Ijing Ewampy 
ground, but It seldom affucta Ihoae planted on the slopes." 
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2 inches above the ground to abont 160 feet above it. Foiiv 
of the thermomcterB were fixed on a roaat or flagstaff painted 
black, at heights from 2 inches to 19 feet 8 inches, A fifth was 
placed on a flat roof of a tower, at the height of about 83 feet ; 
and the sixth was placed on the steeple of the Cathedral, at 
the height of about 160 feet above the first. During ninety- 
seven nights, M. Martins found only nine in which the 
temperatures decreased with the height. He considers, there- 
fore, the rule to be, that during the night the temperature of 
the lower atmospheric strata increases with the height ; and 
he looks upon the decrease of temperature as the exception. 

For eighty-eight nights, during which he marked the in- 
crease, the mean thermal excess of the thermometer at ICO feet 
above that close to the ground was 4°-36, In the nights of 
decrease, the mean thermal decrease of the upper thermometer 
was only 0''*62. The mean increase between 2 inches from the 
soil and 6 feet 6 inches was O'-SQ for every 3 feet 3 inches ; 
hut between 19 feet 8 inches and 85 feet it was only 0'''07 for 
every 3 feet 3 inches ; and between 85 and 160 feet it was 
0''-02, The nature of the aby, whether clear or cloudy, and the 
nature of the air, whether calm or the reverse, have a power- 
ful influence on the phenomenon. During serene nights, the 
mean increase has been noted at 5°'26 for 160 feet, or 0-1 1 
for 3 feet 3 inches. In cloudy nights, the increase was only 
1'''07 for the same difference of level. On 7th November 
1859, which was very serene and calm, M. Martins noticed 
an increase of 8"'-9. The increase has often been 7° or more, 
while the decrease was seldom more than 1°. 

M. Martins gives the foilowing illustration of the difference 
between thermometers atdifferent heights: The Meteorological 
Observatory of the Faculty of Sciences at Montpellier is about 
98^ feet above the point where observations are made in tho 
Botanic Garden. The horiaontal distance of the two stations, 
which are both on the north aspect of the hill on which Mont- 
pellier is built, does not exceed 1500 feet. The instruments n re 
placed in similar conditions. Nevertheless, the minimum me:m 
of 1859 was lovier by 2°-91 in the Garden than at the Obser- 
vatory. The maximum mean of the garden was actually 
higher by 0°'8.5. The mean temperature of the year for tho 
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two stations, deduced from tlie maxima, differ by 1"'03 ; which 
may be aaid to indicate, that ySJ feet in height in the south of 
I'Vance is equivalent to a difference in latitude of about 2°'40 
in favour of the more elevated station. 

How great errors, then, may be committed when we compare 
different stations, some situated in towns and others in the 
country ; some exposed to one wind, some to a contrary one ; 
some on the top of an elevated building, others on the causeway. 

The hours of 7 A.M. in summer, and 8 a.m. in winter, 
adopted by the " Moniteur," seemed to Martins to be badly 
selected. At 8 a.m. in winter, for instance, the sun has risen 
for some time to the observer in mid-Europe, while it has not 
risen to the observer in the north. The former observea 
during the period at which the temperature decreases with 
the height, the latter while the nocturnal iucre&se continuea. 
There is nothing, therefore, comparable in the physical con- 
dition of the temperature of these hours at different degrees of 
latitude. He considers midday and midnight as the only 
times of the day which present everywhere some similarity in 
this respect. 

These facts seem to have been verified by what has been 
noticed during the recent frost. In many elevated situations 
the recorded temperature has not fallen ao much as in low 
situations. Mr Milne Home remarks : — " Low-lying parts of 
the country seem to have experienced the cold in consider- 
ably greater intensity than the more elevated districts. For 
example, at Braemar and at Castle Newe, in the upper por- 
tion of Aberdeenshire, the lowest temperature experienced 
was 8° and 11°, while, in the lowest stations, the average 
minimum was minus 6. In East Lothian, the two lowest 
stations of the Meteorological Society — Smeaton and East 
Linton — were also the lowest in respect to temperature ; while 
at the moat elevated — Tester and Thurston — the thermometer 
never fell below zero. The same difference was shown in an 
ef[ually or even more remarkable way in Dumfriesshire. In 
the lowest parts of the country, the thermometers fell below 
zero ; but at the Wanlochhead Station, which is 1333 feet 
above the level of the sea, the lowest marking was phta 6. 
The lowest temperature observed in any part of Britain was 
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at Nottingham, which liea low, and is far from the sea. The 
thermometer there indicated —11° at four feet above the 
ground, and —13° upon the grass. 

DeeandolJe thinks that, as regards botanical meteorology, 
tbermometric measurements should be made by observations on 
the plants themselves, and not merely in the air. We are 
apt to look, he says, upon the presence of a certain vegetable 
form as being an accurate indication of climate, and each 
plant individually as a kind of thermometer, A plant, how- 
- ever, is a very complex machine, which carries on various 
processes under the influence of external agents, such as heat 
and light, and of an internal agent, life. The forces which 
set the plant-machine in motion are various, the details of its 
organisation are in part unknown, and its products, that is to 
say leaves, flowers, fruits, seeds, starch, sugar, are as nume- 
rous and varied. Hence there is great djfliculty in drawing 
accurate conclusions, A certain minimum of heat is required 
for germination, another for some chemical modifications, a 
third for flowering. Then a certain sum of heat is required 
for each function, a certain intensity of light to give the green 
colour, and a certain quantity of water for most of the pheno- 
mena of plant life. 

The plant, then, is not influenced by external agents in the 
same way as a thermometer is by temperature, or a hygro- 
meter by moisture. Below a certain temperature a plant pro- 
duces nothing, gives no signs of life, while the fluid of a 
thermometer continues to rise or fall. Every time the heat 
diminishes, the thermometer falls ; while the plant, on the 
contrary, like a true machine, does not destroy what it has 
produced. It may be arrested in its growth, but the germ 
does not go back to the seed, nor the leaf to the bud, nor the 
fer to the stalk. We must therefore regard the pheno- 
mena of vegetation in a different light from mere physical 
indications. 

Each species of plant can bear a deflnits range of tempera- 
ture, and there is a certain mean which suits it best. Under 
favourable circumstances a plant will endure, without injury, 
a wide range of temperature above and below the mean which 
usually suits it best. 
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" In the Himalaya," Hooker states, that "od an average a 
large proportion of the species have a range of 4000 feet in ele- 
vation ; this corresponds to a difference of mean temperature of 
1 3°, Take, for example, a tree growing at from 9000 to 13,000 
feet, aa the Himalaya larch ; it is esposed to mean annual 
temperatures of 44° at the lower, and 36° at the upper limits of 
the range ; and as the mean temperatnre of the hottest month 
at 9000 feet is about 55°, and that of the winter at 13,000 
feet is 18°, the species is exposed to a range of 37" between 
these two extremes. Farther, the difference between the 
mean maximum of 9000 feet and the mean minimum of 13,000 
feet ia 24°, to which difference of temperature two specimens 
of the same species may be exposed under ordinary circum- 
etances on the same mountain. This is independent of the 
effects of exceptional temperatures, and of solar and terres- 
trial radiation, which wonid far more than double the ampli- 
tude. Yet the Himalayan larch has proved most difficult to 
cultivate in this country, and the scarlet rhododendron, which 
has a vertical range of nearly 8000 feet {or about double that 
of the larch), ia still more difficult to cultivate in the open air 
in Britain." 

Boussingault stated, that many plants, especially cultivated 
ones, required a certain heat for their perfect development; 
that between the time of the germination of the seed and the 
ripening of the fruit a certain amount of heat must be sup- 
plied. He measured this heat by taking tlie daily mean 
temperature, and multiplying it by the number of days. 
Where the heat was greater the plant was perfected in a 
smaller number of days, and where the heat was less a greater 
number of days was required ; and he enunciated the state- 
ment, that if we multiply the number of days (the length of 
time the culture of a summer plant endures) by the mean tem- 
perature of this time, the product will be nearly the same in 
all countries and in all years. Thus, if a plant, he says, has 
taken twenty days to ripen its aeeda from the period of flower- 
ing, and the mean temperature during these twenty days 
has been 10° Cent., it will be found that the heat received 
by the plant has been 200°. Again, the same degree of heat 
may be given in a smaller number of days by a greater tern- 
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perature. Thus, if the mean temperature was 16^ Cent., then 
the 200° of heat would be given in about 12J days. Thus, 
he assumed, that each stage of vegetation, viz. from sprouting 
to flowering, and from flowering to fruiting and seed ripen- 
ing, required a fixed amount of heat, and that, consequently, 
with a varying temperature, the time in which each was 
accomplished must likewise vary. He proposed to ascertain the 
sum of heat required for their different stages, and to draw 
conclusions as to the periods required for them in different 
countries, the mean temperature of which was known. 

Thus he says, Iberie amara requires for flowering from 
850° to 875° Centigrade ; i.e., if the mean temperature of all 
the days, from the sowing of the plant till its blosBoming, be 
added together, we would make up that number of degrees of 
warmth. The number of days, according to the nature of the 
spring, will vary from rtS to 66. Again, from the flowering of 
the plant to the ripening of the fruit 1000° of heat are 
required, distributed over 52 to 62 or more days. 

In Alsace, he found that barley would be perfected in 
92 days, where there was an average temperature of 19° 
Cent., giving a total of 1748° of heat. He then obtained 
the data from Cumhal, situated under the equator, where 
the plant was grown between June and November instead 
of between May and August. The daily temperature was 
there (it being in the colder season) from 10° to 11" Cent., 
and 168 days were required for the perfecting of the plant, 
giving a total of 175*7" — a number nearly corresponding 
with the other. In many cases the numbers came out very 
eatisfactorily for his hypotheais. It was found, however, that 
there were many errors in the mode of computation. Bous- 
singauH did not pay attention to the omission of useless heat 
— that below the freezing of water at all events. As water is 
the medium through which nourishment is conveyed to plants, 
we must certainly not commence reckoning the degrees of 
heat with the days until the temperalure is above that of 
freezing. Moreover, many plants do not begin to eserciae 
their vital functions uutil the temperature is several degrees 
above that point. All plants do not vegetate at the same tem- 
perature. In some, the sap begins to ascend when the teraiiera- 
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ture is only a few degrees above 32° Fahr. ; others require an 
increase of 20° or 30"; and plants of hot climates require 60° or 
70° Fahr. Every plant is its own thermometer, whose zero 
corresponds to that temperature below which its vital func- 
tions are suspended. In ascertaining the sum of temperatures 
which determines flowering and fruiting, we should only take 
those which are above the zero of the species, for this alone 
stimulates the plant to action. 

M. Fintelmann says — " Putting aside the facts, that in the 
same day it may be warm at certain hoars and freeze at 
others, that plants will grow in the sunshine at the same time 
that others are checked in the shade, and that errors have 
arisen from overlooking these facts ; yet each plant reqnires, 
in addition, an entirely different amount of heat to bring it to 
perfection. For example, our willows and poplars will sprout 
at a low temperature, while plants from foreign countries, as 
the tulip-tree, need many degrees of uninterrupted heat before 
the buds begin to unfold. The seed of the Capsella Bursa- 
pasioria, common shepherd's purse, sprouts under the snow 
■13 soon as the temperature rises above the freezing point; 
while wheat requires about 6°, and flax about 8° of beat 
before their seeds begin to swell. Were the assumption 
correct, that all plants sprout as soon as water begins to liquefy, 
then the result would bo that all tropical plants would stand 
the open air with us during those months in which it does not 
freeze. That is known not to be the case ; each plant needs 
for the preliminary processes within its cells — in other words, 
for its nourishment — an amount of warmth peculiar to itself." 

While Iberis amara requires few degrees of heat at first, 
flax will not sprout until the temperature is considerably 
higher. When sown at the end of April, flax required for 
its entire development 101 days, with 1605° of warmth; 
when sown at the end of May and June, its existence was 
concluded in 75 or 71 days, with 1272° and 1757° of heat. 
If Iberia amara is sown at the end of April, it needs for 
its entire course of existence 110 days, with 1754° of warmth ; 
if sown at the end of May, it requires 109 days and 1821"; 
should the sowing be postponed till 24th June, it needs 124 
days and 1858". 
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Agiin, the direct light of the sun exercises an essential 
influence on vegetation. If grown in sunshine, Iberie amara, 
before flowering, requires 58 days, with 827° of heat ; and until 
the ripening of the seed 52 days, with 927° — thns making a 
total of 110 days and 1754°; while, if grown in the shade, it 
requires 66 days, with 950° of heat before blossoming ; and 73 
days, with 1265" of heat before ripening its seed ; altogether, 
therefore, 139 days and 2215° of heat. 

It must also be borne in mind, that too high degrees of 
beat act injuriously, and cause disease. In tropical countries 
appie and pear trees seldom reach maturity, and it is not 
uncommon to find plants grown in houses becoming altered, 
80 as not to produce fruit, even although they flower freely. 
Palms, acacias, and other plants, which have been subjected 
to high temperatures for years in a hothouse, often have 
barren flowers. There is thus a limit to the supply of heat as 
regards the functions of plants. This requires to be kept in 
view in our attempts to carry out Boussingault's formula. 

Another important point omitted by Boussingault ia the 
temperature of the soil. This operates powerfully on plants. 
With a high temperature of the soil, plants may be seen 
flowering and hearing seed in this country which rarely fruit 
in ordinary circumstances. What ia termed Geothermal cul- 
ture has of late years attracted much attention, and every one 
is now satisfied of its importance. Bottom beat is essential for 
the successful cultivation of plants in our hothouses- If palms 
are planted out in our housea, instead of being placed in tubs, 
care must be taken that their roots are supplied with heat. 
If these extend into the ordinary cold soil, the life of the 
plants will often he destroyed. 

The presence of manures and other matters in the soil is in 
some cases beneficial, by giving rise to the production of heat. 
It is by no means uncommon to see a difl'erence in the earli- 
neas of flowering produced by a difference in the warmth of 
the soil. The winter temperature of the soil, when covered 
with snow, is in many cases above the freezing point when 
melting commences, and is considerably augmented before 
the dormant vitality of plants ia aroused and germination of 
their seeds begins. 
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Hooker sriya that at DorjiHng in the Sikkim Himalaya, lat. 
27 N. and alt. 7000 feet, the temperature of the earth at 2 feet 
7 inches beneath the surface was m December and January 
5" above the monthly mean ; in November and February, 4° to 
5"; in March a few degrees below the mean temperature of 
the month ; in October above It ; April and May being eunny, 
it stands above the mean ; Jnne to September a little below 
the mean temperature of each respectively. 

The mean temperature of the soil at 2 to 3 feet is almost 
throughout the year in India above that of the gurrounding 
atmosphere. This ia also shown to be the case in England ; 
and Mr Thompson found at the Horticultural Garden, Chis- 
wick, that the temperature of the soil was, on a mean of six 
years, at a depth of 1 foot, I'' above that of the air ; at 2 feet, 
1J°. During the winter months the soil was from 1° to 3° 
warmer than the air, and during summer it was a fraction of 
a degree cooler than the air. 

In India, the mean temperature of the soil in winter may be 
often 9° to 10^ above the air. The accumulated heat in the 
upper strata of the soil prevents delicate rootlets from be- 
coming frozen, and preserves vitality in some fleshy roots, sucb 
as rhubarb and orchids. The temperature is also useful to 
burrowing Rodentia, as hares, marmots, and rats, which abound 
at 15,000 to 17,000 feet in Tibet. The rapid development of 
vegetation after the disappearance of snow is no doubt also 
proximately due to the heat of the soil, quite as much as to 
the increased strength of the sun's direct rays in lofty regions. 

The temperature of the soil in alpine regions accounts for 
the growth of plants under snow. M. Martins states that the 
results indicated by a thermometer inserted in the soil on the 
summit of Fanlhorn, about 8790 feet above the level of the 
sea, and noted for several weeks by Bravais, Peltier, and him- 
self, have enabled them to promulgate the law, that in the 
plain the temperature of the surface of the soil is in gene- 
ral below that of the air, while on high mountains the soil 
is markedly warmer than the air. This relative warming, 
so observable on the surface of the soil, exercises a powerful 
influence on the physical geography of the High Alps. It 
raises the snow limit by causing the melting of the snows. 
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Travellers in these lofty regions find that the melting proceeds 
chiefly on the lower surface, and is due mainly to the heat of 
the ground. When the foot is placed on the edge of a snow- 
field, the weight of the bodyoften brenks the superficial crust, 
which is found not to be in contact with the soil below, and 
there are often displayed under an icy vault specimens of 
Soldanella alpina and S. Cbmi in flower, or the rosettes of 
the leaves of the common dandelion. This is not the case in 
Spitsbergen, where the edge of the snow -field lies always closely 
on the soil. The slipping of fields of snow, and the occurrence 
of spring avalanches, depend upon the melting of the lower 
surface of the snow from the heat of the earth communicated 
to it. Herbaceous plants, in these alpine districts, send their 
roots into the warm superficial layers of the soil, and thus are 
enabled to thrive. The dark colour of the vegetable soil 
favours the absorption of heat. On the terminal cone of the 
Faulhorn, the height of which is about 262 feet, and the su- 
perficial extent about 11 acres, Martins gathered 131 pha- 
nerogamous species ; while the entire island of Spitzbergen, 
which has a far larger superficies, contains only 82. At the 
Grauds Mulets, schistose protogenic rocks which rise iu the 
midst of the glaciers of Mont Blanc, at a height of about 
10,000 feet above the level of the sea, and consequently about 
1100 feet above the limits of perpetual snow, Martina col- 
lected the following plants, Draba fladniceneis, Wulf. ; Car- 
damine bellidifolia, L. ; Silene acavXis, L. ; Poteniilla fri- 
gida, Vill.; Fhyteuma hemispkcBricum, h. ; Erigeron uni- 
fiorus, L. ; Pyrethi-um alpinum, Willd. ; Saxifraga bryoides, 
Jj. ; S- grcenlandica, L. ; .5. miiscoides, Auct. ; Androsace 
helvetica. Gaud, ; A. pubescens, DC. ; Gentiana verna, L. ; 
Luzula epicata, DC. ; Fesluca Halleri, Vill. ; Poa laxa, 
Haancke ; P. ctssia, Sm. ; Agrostie rupestris. All. ; Carex ni- 
gra. All. He also found on 28th July 1846, that when the 
temperature of the air in the shade was 50^ Fahr., and in the 
Bun, 58-5° Fahr., that of the soil in which the plants were grow- 
ing was 84°-2 Fahr. At great alpine elevations, as on the 
Faulhorn, Rothhorn, iu the valley of Uraercn, and on the 
Grands Mulets, a kind of mouse, called Arvieala niutilis, was 
found by Martins to live by burrowing in the soil. 
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The growth of plants under snow was observed recently in 
tbe Edinburgli Botanic Garden. Two Umbelliferons plants. 
Ferula campestris and F. tmgilana, during the fonr weeks 

that the snow was on tbe ground grew seven inches. 

The nature of the etrata or layers of soil has much effect 
OD vegetation. When the substrata are formed of chalk 
and marl, the surface soil will imbibe, according to Ftntelmann, 
far less of the central heat than if volcanic or plutonic 
rocks — as basalt, trachyte, porphyry, and the like — lie be- 
low it, since the condoctibility of the latter is much greater 
than that of the former. Hence mountains composed of 
porphyry and the like are warmer, on an average, than 
those composed of chalk and marl, and even of clay-slate ; 
and possess also a more luxuriant vegetation. The chasms 
and rents in volcanic couotrieB also assist the transmission of 
subterranean heat. This reason seems in part to explain the 
comparatively luxuriant vegetation of the valleys and mea- 
dows of Switzerland and the Tyrol, 

The oblique manner in which the rays of the sun reach the 
earth in northern climates prevents the full effect of heat on 
the soil. Fintelmann says, upright windows in conservatories 
transmit the greatest amount of heat in winter, but obstruct 
the passage in summer; those, on the contrary, which slope 
at an angle of from 40 to 45 receive nearly the whole force 
of the sun's rays in summer, and thus transmit a greater 
amount of heat to the interior of the bailding, while in winter 
it is precisely the reverse — the sun's rays enter ohliqnelj, and 
the heat is less. 

The operation of Draining is of great importance in adding 
to the heat of the soil. Much injury is inflicted on the soil 
by stagnant water. The land is rendered cold, inasmuch as 
the sun's rays, in place of being expended in heating the soil, 
are absorbed by the water, the temperature of which is not 
raised so rapidly as that of the earth or of the air. There ia 
thus a great loss of heat. Drained land in summer is from 
10° to 20' warmer than water-logged land. Professor Schubler 
states, that the loss of heat caused by evaporation in nn- 
drained lands amounts to 11^° to 13i° Fahr, 

Partes says, that in draining the red moss, near Bolton-Ie- 
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Moor, the thermometer in the drained land rose in the summer 
of 1837 to G6° at 7 inches below the surface, while in the neigh- 
houring water-logged land it never rose to above 47°. In 
the London Horticultural Society's garden, the mean tempe- 
rature of thoroughly-drained 8oil at one foot below the surface 
in the month of July is 63°'49; and if we take water-logged 
land to be the same a^ spring water (47°)i then there is a gain of 
ISJ". Experiments have been made which show, that in peaty 
soils, saturated with water, the addition of boiling water to 
the surface will not raise the temperature to any depth in the 
soil, so that wet land will thus remain cold, in spite of all the 
warm rain that falls. This is not the case with drained soil, 
where there is a constant percolation. 

In rainy and cold seasons there is great necessity for 
thorough drainage, both surface and underground. The 
means of surface drainage should be at command when re- 
quired ; but by deepening the soil when it is too thin, and ren- 
dering it permeable to water, with deep under-drainage to pre- 
vent stagnation, most of the summer rain that falls can find its 
way through the soil, rendering it comparatively warm. But 
where under drainage is neglected, the accumulated moisture 
stagnates on the already saturated soil, which is cold, in con- 
sequence of the winter rains or melted snow having never been 
drawn off. That moisture, from its coldness, is heavier than the 
warmer summer rains, The latter may run off by the surface, 
and thus their warming effect on the soil is lost, but they 
cannot displace the colder and heavier water, which conse- 
quently retains possession of the soil for the greater part of 
the growing season. In that case the crops cannot thrive 
as they otherwise would, and they are, besides, rendered late, 
BO that in bad seasons they are in danger of being lost. {Gard. 
Chron. ISeO.) 

The leafing (foliation), flowering, fruiting, and defoliation 
of plants, are intimately connected with climate and seasons, 
and they supply important data as regards temperature and 
other meteorological influences. Eerghaus, Que tele t, and 
Hartmann, have given tables of foliation and defoliation of 
the same trees in different parts of Europo, and have deduced 
from these phenomena important meteorological conclusions. 
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It ifi of course necessary to compare tbe same species in dif- 
ferent countries, if we wish to draw correct inferences. Ele- 
vation, exposure, and soil, must aUo be taken into account. 
Tbe epochs of plant-flowering engaged the attention of Lin- 
iiffiua, and a floral calendar was constructed by him for Upsal. 
Simitar records have been kept in different places, and the 
results have been recorded by Gi.ppert, Schubler, and others. 
In the Edinburgh Botanic Garden, Mr M'Nab for many years 
kept a register of the flowering of spring plants, selecting 
year after year the same specimens, in the same localities, 
and with the same exposure. 

The Table on the opposite page (249) contains a selection 
t'f the plants whose flowering has been thus recorded. 

Such observations should be accompanied with thermometric 
uieasurements, both in the air and in the soil, in fixed situa- 
tions. The subject of the registration of periodical pheno- 
mena, both in the case of plants and of animals, has been 
taken up by the British Association ; and the committee ap- 
pointed by that body have given lists of plants which are to 
he observed for the periods of leafing, flowering, ripening of 
the fruit, and fall of the leaf, as well as for the opening and 
L'losing of the flowers. The Vienna naturalists have also 
propounded a similar list of plants for continental countries. 
The following is their list : — 

Acer platan aides, L 
JEsaxlaa HippocastanutD, L. 
BerberU vulgaris, L. 
Catalpa »yringifolia, Sitns, 
Culullicum autumnale, L, 
CoDvalloria niajalis, L. 
Cornua mascula, /.. 
CoryJue Avellana, L. 

C^tiBus LabumuTn, L, 
Daphne Mezereum, L. 
Fngiia ajlvaticu, L, 
FrttxinuB oicelsior, L. 
Frililluria iiD])erIal[B, L. 
Heputica triloba, L. (ciErulea). 
Hurdeum vulgare, L. (hj'bemuQi 
and BSBtivuiu). 

They recommend that observations should be made on t 



PrunuB PaduE, L. 

Pjnis Malus. L. 

Ribea GroBsuIaria, L. 

Ribes rabnuD, L. 

Bobinia Pseudo-Acacia, L. 

SaiabucuB nigra, L. 

Secale cereals, L. (bjbernum i 



Fytua Aucuparia, Z. 
Syringa vulgaris, L. 
Tilia par ri folia, Ehrh. 
Triticum vulgare, L. (lijbemum). 
Vitia vinifera, L, 
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first appearance of the surface of the leaf; the first fully ex- 
panded bloasom, the pollen appearing promineot; the first 
ripe normal fruit, without worm-holes, at the beginning of the 
harvest of each kind of grain ; the general decoloration of the 
leaves; the duration of vegetation with reference to the weather, 
— viz., the first and last frost ; and the duration of snow. 

Certain peculiar phenomena in reference to the opening 
and closing of flowers should also be noticed. On this sub-' 
ject, interesting observations have been made by Fritzsch, as 
recorded in the eighth volume of the Transactions of the Horti- 
cultural Society of London. The following table shows that 
the temperature at which flowers begin to expand varies, and 
the time of the year has therefore a marked influence : — 



38= 



The following table indicates the temperature at which tht 
greatest degree of expansion of the flowers take place : — 



{into? 


pLi. 


M«nTinicofOb.er 


=■75 


Two Bpecloe 


April 3. 


■33 


Five „ 


April 18. 


■75 


Nine „ 


. May 18. 


■25 


Sirteen „ 


June 16. 


■75 


Fourteen 


July 3. 


■22 


Six 


July 12. 


■75 


Malva Alcea 


July 7. 



47-55 
56 75 



Mirabilb Jakpa (night-bloomer) 
f Erodium ciciitarium 
1. Ljchnia veapertina (night-bloomer) 
f Pour speciea, . , . ' 

61 '25 -^Funkiajaponioa (night-bloomer) 

(CEnothera biennis (night-hluomer) , 

Three species 

Eleven „ 



65 '75 
70 ■25 
74 75 
79 25 
83 ^75 
88 -35 



Thirteen „ 
Fifteen „ 
Twenty „ 
Thirteen „ 
Bcliinocactua Ottonia 
Corlina acaulis 



July a. 
May 27. 
May 30, 
June 26. 
June 29. 
July 13. 
July 15. 
Sept. I. 



The night-bloomers reach their maximum of expansion at 
from 47''^75 to 61-25 ; the day-bloomers from T^°-25 to' 
88".25. 

The temperature at which all motion in the corolla cease^ 
varies, as seen by the following list: — 



m connection with Vegelalion. 
In three apeoies, motion ceased at 74° 75 Falir. 



In three 

In seven [', 

In CommelinBi coelestia 



83 75 
88-25 
92-75 
97 '25 
101 -75 
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Thus Bome flowers cannot bear a temperature of 74°'75, while 
others can endure a temperature of 100° and more. 

Plants, in ordinary circumstances, require the light of the 
sun in order to awake from sleep, either directly by insola- 
tion, or indirectly by diffusion in the atmosphere. Some are 
so sensitive that they begin to expand the moment the sun's 
rays illuminate the higher regions of the atmosphere. As 
the intensity of light increases, the number of species which 
expand their bloasoma increases. The number of species in- 
creases as the hour approaches at which insolation (exposure 
to the direct rays of the sun) ceases. No blossom closes be- 
fore the Insolation begins, for even those flowers which usually 
close before mid-day remain for some hours open when ex- 
posed to the direct rays of the sun. 

The subject of AccUTnaUsinff, aa it is called, is brought 
under our notice, especially in a season like the present, when 
we have experienced a temperature lower than usually occurs 
in this country. Such seasons occurring occasionally test the 
hardiness of introduced plants ; and we shall find that many 
trees and shrubs are injured or destroyed which have stood our 
climate, it may be, for forty or fifty years. It is clear that it is 
not safe to introduce into plantations trees which cannot stand 
the lowest amount of cold which may occur in the country. 

It has often been stated that tender exotics may, by long cul- 
tivation, be made to bear the climate of Britain. It has been 
thought that they may become accustomed to it by degrees, 
and thus be acclimatised. Some have even hinted that by 
sowing the seeds of such plants, in the first instance, in a 
warm temperate region, then collecting the seeds produced by 
the plants, and sowing them in colder districts, the species 
may be rendered hardy. "We are constantly told that plants 
which, when first introduced into Britain, were put into stoves 
and greenhouses, are now growing in the open border freely. 
and that they can stand a climate which tbey could not do at 
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first. Such statements do not reet on a sound basis; each 
species of plant bears a certain range of temperature, and we 
cannot extend its natural limits. The plants said to be accli- 
matised were not tried in the open air when first introduced, 
otherwise they would have been found to he hardy, without 
any previous process of cultivation in greenhouses. The well- 
known shrub Aucuha Japomca was treated in a stove when 
first introduced, and was afterwards planted out, and found to 
stand our ordinary climate. Tflis was not an instance of ac- 
climatising, but indicated an error regarding the constitution 
of the plant, which was brought from the colder parts of 
Japan, and was capable of enduring the ordinary cold of this 
climate naturally. Man did nothing in the way of changing 
its constitution and powers of endurance. This plant has 
suffered severely this season- There is no evidence that plants 
long cultivated in this country are able to withstand our win- 
ter cold better than formerly. The Dahlia, the Heliotrope, 
and the Potato, are affected in the same way by frost as when 
they were first introduced. Long cultivation has done no- 
thing to increase their hardiness. When we consider that 
the great risk in this country is the accession of frost after a 
few genial days or weeks of spring, we may do something for 
the preservation of half-hardy plants, by planting them in 
such localities and soils as to prevent them from being stimu- 
lated too early, and from being attacked by frost when full 
of sap. We can put tender plants on elevated situations 
not exposed to the direct rays of the sun, and on well- 
drained soils, and thus prevent much injury. We may also, 
by means of geothermal culture and covering plants during 
winter, enable those in the open ground to live during 
our winters. Hardiness may also be imparted by hybri- 
dising and grafting. Tender trees or shrubs grown in waxm 
and moist valleys, exposed to the sun's rays, are often in- 
jured by spring frosts. It is of great importance to define 
accurately when a plant may be said to suit a particular 
climate. It is not enough that it lives and sends out leaves, 
it must also be able to produce flowers and seeds, and 
to elaborate the peculiar secretions and products on which its 
qualities 
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The injury caused by low temperature depends greatly on 
the suddeonesa of ita accesaion, and upon the epoch of the 
plant's life, and the time of the year at which it superFenes. 
A sudden frost occurring in spring, after the sap has begun 
to flow, causes great injury. This occurrence is common in 
our climate, and is the cause why many half-hardy exotics 
require to be covered, or kept in a dormant state, until the 
season has advanced beyond the risk of frost. Many such 
plants grown, on a wall with a southern exposure, are stimu- 
lated by the heat of a fine day in early spring, and are thus 
unable to resist later froats. Warm sun during the day, and 
frost at night, have proved fatal to many exotics introduced 
into Britain, An Asafcetida plant began to flower in the 
Botanic Garden in February 1858, and continued vigorous 
during March ; hut on the 13th April the thermometer sud- 
denly fell during the night to 22° Fahr., and killed the plant, 
then full of sap. 

The injury done to trees and shruha in the Edinburgh Bo- 
,tanic Garden during the frost of December 1860 has been 
recorded by Mr M'Nab, and the following detailed account 
has been drawn up by him : — 

The storm commenced late on the evening of the 18th De- 
cember, with a very heavy shower of hail, lasting for some 
time, and succeeded by a quiet fall of snow, which continued 
throughout the night. At daylight on the morning of the 
19th December the snow was 12 inches in depth all over 
the garden. On the morning of the 20th of December, about 
5 inches of extra snow had fallen. For ten days the snow 
lay more or less heavy on all the shrubs, many being weighed 
down and broken by it. In some instances we may account 
for the damage done by the action of the frost on the over- 
bent branches, particularly where a rupture was caused by 
the weight of snow. Irish yews 10 and 12 feet high bad 
their various tops touching the ground. When freed of their 
load they soon assumed their original upright form, which 
would not have been the case had they been long held in a 
bent position. On the morning of the 23d December, the 
thermometer indicated 25° Fahr. The day subsequently was 
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clenr and culd, and there was every appearance of a sharp 
froBt. The following tables ahow the minimum temperature 
indicated every two houra by Adie'a and Bryson's thcrmo- 
metera during the three nighta referred to. The thermo- 
meters were each placed about four feet from the ground, and 
were freely exposed to the atmosphere : — 



Mr Adk'e Thermometir. 

Dec. 23-24. Dee. 84-26, Dec, 25-2G. 



Mr Bryion'i Thermometer. 

Dpc 23-24. Pee. 24-2 




It has been found necessary to apply a correction to the 
indications of very low temperatures on both thermometers, 
in order to bring them to the Kew standard. It was ascer- 
tained that near zero Adie's thermometer indicated 1° too 
high, while Bryson's indicated 2° too low- After rectification, 
the lowest temperature indicated in the Botanic Garden- 
namely, that which occurred at 10 A.M. on Monday the 24th 
December — was, according to the Kew standard, 6° feelo' 
zero. 

The following table shows the minimum temperature indi 
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cated hj Brjson'a thermometer (rectified as explained), dur- 
ing the nights from the 14th December 1860 to the 14th 
January 1861, both inclusive: — 



29, 

After the intense frost gave way, the weather was, fortu- 
nately for vegetation, rather dull, with comparatively few 
glimpses of sunshine. The damage done to vegetation, how- 
ever, is very great, and is daily becoming more apparent ; 
but months must elapse before we shall be able to know the 
entire loss. The first plants on which the effects of the frost 
became visible were Aucuba japonica and Viburnum Tinus 
the common laurustinus. The leaves of the former became 
totally black, with the exception of those which were covered 
with snow round the bottom of the plants, while the leaves of 
the laurustinus became brown. During the thaw the latter 
emitted a very strong and disagreeable cat-like odour — the 
smell not being perceptible so long as the plant remained in 
the frozen condition. The next shrubs which showed the effects 
of the frost were the ba.y or cherry laurel (PntnuB Lauro- 
eerasus), the Portugal laurel {Prunus lusilanica), and the 
sweet bay {Laurus nobilia). Among the other plants which 
suffered early were species of Kkamnus, PkiUyrea, Makonia, 
Azara, Cydonia, and certain varieties of hollies, particularly 
the golden and the leather-leaved. Rhododendron ponticum 
and hybrids from R. campanvlalum, Qtterciis Ilex (evergreen 
oak), Q. Siiber (cork oak), all suffered more or less severely. 
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Among the Conifene, Araucatia unbrtcata allowed symptoms 
of injury, by the bending of the ends of the branches and a 
change in the colour of the leaves. Liboce<lrus chilenais, 
Fitzroya pata^onica, Cupressus toruloaa, Pinua insignis, 
Abies Morinda, and Cedrus Deodara, exhibited marked in- 
dications of injury, more especially such of them as were 
planted in the moistor part of the garden. 

During the laat three or four weeks (February) the effects of 
the late frost are being seen on the evergreen trees and shrubs 
Many species at first apparently untouched are now found 
to he much injured, if not destroyed. The evergreen oaka 
{(}uercuB Ilex), especially in damp situations, will probably 
require to be cut down. One large specimen, 35 feet high, 
having a stem 6 feet in circumference, with a hemispherical 
top 135 feet round, is very much injured. The injury sus- 
tained by these oaks was first seen in their stems, and in the 
points of their shoots, and subsequently the intermediate por- 
tions became brown like the rest of the tree. The Lucombe 
oak {Qiiercua Cerria, var.) is injured, and shows the effects in 
the aame way as the evergreen oak. In the case of the cork 
tree (Quercus Saber), although all the young shoots are gone, 
the branches and stoma seem as yet untouched, evidently 
protected by the thick corky hark. The leaves of all the 
large plants of Arbutus Unedo have become black, and the 
bark on the lower parts of the stem bas burst, and is coming 
off in flakes. The wood has also become dry and discoloured. 
It is now evident that all the specimens of Arbutus in the 
garden will require to be removed. Many of them are 15 feet 
in height, with fine tops 36 feet in circumference. All the 
plants of the scarlet Arbutus Unedo are likewise destroyed. 
This variety was considered hardier than the common species, 
a larger proportion of the plants having withstood the severe 
winters of 1837-38 and 1844^45. The A rbvtns Andrachne, 
although less affected than the A. Unedo, is also much in- 
jured. One fine plant, 10 feet high, having a stem 2 feet 
7 inches in circumference, with a globular head 45 feet round, 
seems in a precarious state; the leaves on the lower six feet 
are becoming discoloured. Ail the a'pccimcns of Rhamntia A la- 
to'ims in the garden, many of them 10 feet high and 30 feet 
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in circumference of branches, have been killed. The Laums 
nobilis (Sweet Bay) is also killed. The largest specimen was 
6 feet high, and 18 feet in circumfereuee of branches. The 
Aucuba japonica is killed to within IS inches of the ground, 
the largest plants being 7 feet high, and 20 feet round. 
All the varieties of Laurustinua are killed to the surface of 
the earth, the largest plants being S feet high, and 18 feet 
round. The Portugal laurels (Prunus lusitanica), parti- 
cularly those plants which had been freely pruned during 
previous years, are now parting with their dry leaves; while 
the free-growing unpruned specimens are becoming soft and 
black in their foliage, and, where growing in damp situations, 
the sterna are very much injured. In the case of tho hay or 
cherry laurel (Prunita Laurocerasits) many specimens have 
their stems totally destroyed, and, where not killed, the leaves 
are of a dull brown colour. The points of many of the deciduous 
trees have suffered much, such as the walnut {Juglane regia), 
sumach (Rhus elegans), also the oriental plane (^Platanus 
orientalis), Catalpa ayringifolia, Pawlownia imperialis, 
&c. ; but the full extent will not be known till spring advances. 
The deciduous shrubs, particularly the early flowering sorts, 
have had their flower-buds much destroyed, such as Azalea 
poniica, Ribea sanguineum (in some situations), Cydonia japo- 
nica, Deutzia gracilis, &c. Roses have also suffered very 
much, all the climbing or wall-roses being destroyed. Amongst 
them may be noticed a fine specimen of Jtosa Bumoniana, 
which was planted about 1826, and which has now a stem 9 
inches in circumference. The tall atandard-budded sorts are 
also killed- The mistleto (ViBcum album), when growing on 
apple-stocks, and also on the branches of Mespilus canadensis, 
has been very much injured ; but it is quite green and healthy 
when growing on oak and thorn. 

The late frost, in situations where the thermometer fell below 
zero, has proved very injurious to the buds and young shoots 
of many fruit-treea. The injuries in many cases will not be 
sufficiently known till the shoots containing the blosaom-buds 
expand. The buds are now (February) swelling fast, and, 
if cut longitudinally, the young flowers will be found quite 
brown. The injury is particularly apparent on all wall- 



^56 Mr M Kab ou At E/tetofOt late Fnat 

tree*, etidi m the pe*e^ aeetknac^ ^neot, pear, 
Tb«badsof tbe BU&dard fnot-traes, ineertaiB 
naeli injured. Rg>treei sre de efa»j red to n 
inches of tbc groad. 

Sioee the pnUieatiaa of m; repnt on the efiets of the 
frott, oo I Ith Juioary, the injioiee inffietad on the Ooufene 
are becoming more and more riaible. For % time it wme 
tboog^t chat the epecimcite of Araucaria imbritata mmld 
get orer tbe browning of their points, which was the firet indi- 
cation of tbe effeeta ^ the froet upon then. The weather for 
tliree or four weeks after the frost was Terjr favoorable for 
their recovery. In all low, damp situations the plants are now 
foand to be wholl; destroyed, being soft and brown all orer, 
and having the tope and the ends of the branches bent down ; 
while in dry sitoations, tbe branches, though more or less 
brown, are greener and more rigid. Aboat the Itb Febmary 
the ends of many of the branches were blown off; but, aa 
tbe branches are hard and firm at the dtBtance of a few incfaea 
below the broken points, hopes are entertained that they may 
yet push outbade. During the frost there oozed out from the' 
litems of all the large Arascarias in the garden a quantity of 
thick resin. This was not observed on any of the smatler speci- 
mens. Tbe largest plant in the garden, now 23J feet high, with 
a stem 4 feet 3 inches round, the circumference of the branchea 
being 54 feet, has suffered more than any of the other large 
specimens. During tbe last three weeks (February) many 
Bpecimens of the Cedrus Deodara are showing evident signs 
of great injury — the leaves assuming a grayish-brown hae, andi 
being rapidly thrown off. The old wood is affected, but it i* 
hoped the plants will recover. The AMea Morinda in all 
situations has also become very brown ; while, in damp places, 
all the young shouts arc dead, and, in some cases, the entire 
plant. The branches of all the plants of Cupressus macro* 
carpa seem destroyed. The largest plant is 18 feet high, am 
'26 fuet in circumference of branches, with a stem 3 feet ii 
circumference. By removing the branchea, and taking oiF 6 
or 8 feet of its stem, hopeo are entertained that it will yet 
sprout from below. Cupressus toruloaa, 10 feet high, is also 
killed. Cupressus Lamberliana and <?. sempervirtns, also 
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(if large size, seem more or less injured, Large old plants 
of F'lnus Pinea are totally destroyed, both on high and 
low parts of the garden, the largest specimen being 26 feet 
in height, and having a stem 4 feet in circumference. Pinva 
inaignie, P. radiata, and P. murtcata, are all alike brown. 

A peculiarity observed during the frost was the splitting 
of the bark and wood of several shrubs aud trees. In the 
case of the Portugal laurels, several had rents fully half an 
' inch wide, extending 8 or 10 feet along the stem. When the 
thaw took place the fisaurea instantly closed. The same 
splitting was observed in the American lime (Tilia americana), 
Bweet cheatnut (Castania vesca), walnut (Juglans regia), 
sycamore (Acer Peeudo-platanus), hornhean {Carpinus Be- 
tulus). In the case of one of the walnut trees there had evi- 
dently been a split during a previous year, the edges of which 
had adhered only by the bark, without any union by the 
wood. In several instances after the thaw took place the 
fissures became ao completely obliterated that it was almost 
impossible to tell where they had been. This splitting has 
again appeared in aome of the trees, especially in the stem of 
the Acer Pseudo-platanus. This may proceed from the swell- 
ing of the wood caused by the recent ascent of the sap. 

The splittings in the Botanic Garden trees took place on 
different sides of the stems, as follows : — 

Cheatnut . . showed splits on S.E. aide. 

Walnut . . „ S.W. „ 

CarpinuB . . „ S.W., N.W., and N.E. 

Sycamore (2 trees) „ S.W. 

American lime . „ S.W. and N.E. 

This frost-splitting has been particularly noticed by Dr 
Robert Caspary, in a memoir which he published some years 
ago. He says that in cold winters aome hardy trees, both 
indigenous and exotic, are often split lengthwise, even to the 
pith, by frost. In January and February 1855, on the coming 
on of severe weather, fissures were seen in many trees in and 
near Berlin. The meteorological relations at that lime were as 
follow: — The commencement and middle of winter 1854-55, 
till 13th January, was, with the exception of a short cold pe- 
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riod in November, unusually rainy. The mean temperature of 
November 1854 was about 26° Fahr. The thermometer waa 
mostly above the freezing-point, although the absolute mini- 
mum on the 15th of the month was 16° Fahr. In December the 
mean temperature was 37° Fahr. ; and the absolute minimum, o 
2l3tof December, was 26jTahr. In January 1855, tbe lowest 
temperature, which occurred before the 13th, was SO'' Fahr, on 
the 10th, From 13th January to 14th February, a more or loss 
severe frost prevailed, which was only interrupted between 
the 4th and 7th February by a milder temperature, and partly 
by rain, which froze on the ground. But between the 4th and 
7th February the thermometer never reached 31 J° Fahr. ; and 
even during the rain it was generally below the freezing- 
point, so that a real thaw never took place between tlie 13th 
January and 24th February. On 2d February, Dr Caspary 
noticed the reopening of previous frost-clefta on numerous lime- 
trees. They seem to have taken place when the thermometer, 
indicated a minimum of — 2^ Fahr. The clefts continued open 
during the frost. Fresh splittings were also seen in a lime- 
tree and a hor-se-cheetnut; the latter split with a loud report. 
Clefts were aieo seen in (iuercue pedunculata, Q. sessi-^ 
lijlora, bird-cherry and ash. Dr Caspary found the frost- 
clefts common in trees from 7 to 20 inches in diameter. They 
were rarer in stems of less diameter. The splittings always 
occurred at a time of intense frost. When the horse-chest* 
nut burst, the temperature was — 6° Fahr, The splittings gens' 
rally took place during night. It seems probable that the 
splitting is caused by a freezing of the sap, which causes ez- 
pansion under the bark. In order that this freezing may take 
place, a low temperature is requisite. As the sap containB 
salts and organic matter, it does not freeze at 32". Hunt« 
(Philos. Trans., 65, 2, p. 447) found that the expressed juice oj 
cabbage and spinach freezes at 29° Fahr, The sap of Uvinj 
plants freezes in flowers and young shoots at a few 
greoa below 32°. Goeppert states that from 4J° to 9° Fahr. ai 
frost, continued for a few days, will cause the sap of all t 
not excepting conifers, to congeal. It seems probable tha4 
before splitting the trees were frozen to their centre. Frost 
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splitting givea an excellent opportunity of observing the twist- 
ing of the stems of trees noticed hj Alex, Braun. — (Report, 
Berlin Acad., August 1854). 

In the severe winter of 1683-84, the phenomena of tree- 
splitting was remarked. Mr Jacoh Bobart, in hia report pub- 
lished in the " Philosophical Transactions," says, — " In this 
rigid season, nothing seemed more surprising to us than the 
cleaving or splitting of trees, — as of the elm, ash, walnut, and 
oak. It hath been most frequent among oaks, many of which 
have been divided to great detriment in England, some being 
BO rent that a man may see through them, and that many 
times the cracks came with bo great noise, that, as it is re- 
lated from Needwood Forest, they made such a noise, that the 
keepers there thought that the deer were shot by the people 
of the country, and that in several parts they were heard aa 
loud as guns. These rifts or clefts were not at all to the 
same point of the compass, but sometimes on one side only, 
sometimes two, sometimes three, and sometimes four several 
places, dividing or quartering the tree, and sometimes quite 
through ; and these clefts were not only in the bodies, but 
continued into the larger boughs and limbs of the tree, and 
sometimes descended into the superficial roots, but not to those 
very deep in the earth. A great part of the cause of it is 
supposed to be imperfection in such a tree." 

A similar remark was also made by Caspary, who says, that 
in the frost-clefts of thirty-three trees examined, he found 
some local injury which had weakened the cohesion of the 
wood tiasue. In some cases there was decay from the rotting 
away of a branch, from a stump not being covered or overgrown, 
orfrom the bruising of the bark and young wood, In other cases 
there was weakening by a slit in the bark previously made. 
Bobart in bis paper refers to the expansion of the frozen sap 
as the cause of the splitting. He states, " It need not prove 
troublesome to any to think the ice to be able to tear the oaks 
and other trees, who shall consider the great force and elastic 
power thereof." Bobart also says, " We see the fissures close 
quickly after the frost, insomuch that they are scarcely dis- 
cernible, and the bark not being divided from the stem, upon 
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coining togetlier again, each turn and twist of the grain fitting 
its place, prove fresh and vigorously growing. But that ever 
such trecH will prove whole and f!ound doth scarcely consist 
with reason or our present thoughts. And the calamity hath 
not been found in trees only that were fresh and standing, 
but also in trees cut down ; but notwithstanding, it is thought 
to be only among such diseased trees as are before mentioned." 
A similar fact as to felled trees was mentioned to me by Mv 
Robertson of Trinity Nurseries. An ash which had been cut 
down, when touched by a saw during the late intense frost, 
suddenly aplit with a loud noise. 

Bobart also refers to the effects of the sun on plants with a 
southern exposure, and shows the injury caused in such eases 
by frosts coming on at nigbt. The difference also of the tem- 
perature at which various kinds of sap freezes is noticed. 
" Trees all the winter," he says, " while the sap remains con- 
deneed [that is not running], are safe and well ; but if a 
flattering too early glance happens in the spring to set their 
parts in action, and the juices to become fluid, and a sudden 
mutation of that warmth to a fresh return of winter, which 
too frequently happens in England, then we have our hopea 
of that year's fruit blasted. Hence is supposed the decay of 
the Glastonbury thorn, whose arising time being between 
Michaelmas and Christmas, being sappily prepared by the 
beginning of the hard frost, which hath almost affrighted it 
out of its life." 

He supposes that the presence of essential oil and other auh- 
Btancea in the wood of trees may prevent them from being 
much injured by frost. To this he refers the endurance of 
cold by firs and pines in Norway and other cold countries. 

In the severe year of 1683-84, it appears that yew and 
holly were much injured, and in some places killed ; the furze 
was also killed or cut down to the ground, Common broom 
proved a degree hardier. " It is hard," Bobart says, ' 
say what is winter proof, even among our natives, except box, 
and ivy, which stand in defiance of all." In the gardens many 
evergreens suffered, as alaternus, phillyrea, common bays 
and laurels, many of which were completely destroyed, others 
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severely injured. Rosemary, lauruatiiius, lialimuB (sea-purs- 
lane), arbutus, white jasmine, and other plants which seldom 
fail, were generally killed throughout the whole country. 
"But in all these, and such like, in mountainous and dry 
places, there is a hrisk life and verdure yet remaining, 
enough to retain the several species among ua. Amongst 
deciduous trees divers have been sufferers, as the Judas tree 
[Cercis Siliguaslrum] and plane-trees ; Paliurus \aculeatue\, 
the Aleppo ash [FTaxinus lentiecifolia], and the Locust tree 
[^Robinia]. The common bramble has also been injured." 

Ho mentions that great destruction had taken place in the 
case of artichokes, winter coleflowers, sage, thyme, maatick, 
lavender, lavender-cotton. He also alludes to the protection 
given by snow to many herbaceous plants, and the injury done to 
grain crops in cases where, by a temporary melting of the snow, 
the plant had been exposed to a subsequent frost. 

He concludes, that after all this repetition of sorrows " we are 
to comfort ourselves that such destruction and calamity happens 
but rarely, the like having not been known in the memory of 
man, if ever before, and that with due care and observance the 
growing cold might he kept off from such things as are proved 
to be impatient of it ; which are not the greens [evergreens] 
in our gardens, some being able to endure all the cold that 
ever comes, as firs, pines of divers sorts, cedars of Lebanon 
and Virginia (though that of Bermuda proves tender), arbor- 
vitie, all the savins, whereof the upright or berry-bearing is 
the best succedaneum to [substitute for] cypress, capable of 
finer cutting into pyramids and other figures, or hedges G 
or 8 feet high, and is one of the best of the tonsile shrubs ; 
also the Fyravantha proves exceeding hardy, and makes good 
hedges." 

Mr J. Evelyn also notices the effects of the frost of 1683-84. 
He mentions the destruction of cork trees, cedars, alatemus, 
rosemary, halimus or sea-purslane, of which he had a hedge, 
and cypresses. No injury was done in his district to ilex, 
Bcarlet oak, arbutus, bays, laurel, laurustinus, or hollies. 

The winter of 1S37-38 was unusually severe, and the tem- 
perature occasionally very low. The injury done to trees and 
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shruba during that season will long be remembered. All the 
large plants of Arhatm Unedo and A. Ar^rachne, in the 
Botanic Garden, with numerous apecimens of Laumstinus, 
and other shrubs, were destroyed. Mr M'Nab statos that the 
great destruction which took place that winter may be at- 
tributed to the following circumstance. After a black frost, 
the ground was covered to the depth of five or six inches with 
snow, which afterwards became hardened by frost. After 
this, a sudden thaw took place, which caused the snow to 
melt, but did not act on the frozen soil. On this account the 
stems of the plants were aurrounded by pools of water, 
which could not be carried ofi' by the hardened soil. During 
the night of 20th January the thermometer fell to 6^° Fahr. 
This caused the water to become suddenly frozen, in eonse- 
c[iience of which the bark round the lower part of the sterna 
was destroyed, and the death of the plants took place. On 
the 30th of January 1845, the thermometer fell to 4^°. The 
day following, the sky was clear and the sun unclouded, and 
the loss of evergreens was very great. 

During last autumn, the shruba were in a remarkable 
growing condition. This was owing to excessive moisture. 
The soil in the Botanic Garden, for the most part, ia of a 
very dry, sandy nature. Throughout the autumn niontba 
many large evergreen shrubs were transplanted, and the 
dry unmoistened soil was found rather troublesome to keep 
together. It was only in the case of those transplanted during 
November that the balls of earth were sufficiently moist 
to adhere together. This autumn moisture caused a late 
growth, which was particularly apparent in many of the 
young shoots of the hardier plants, as hollies and other ever- 
green shrubs, and on these the frost seems to have acted moat 
severely. This late growth was very marked in all the Arau- 
carias, which may account for the great injury sustained by 
them. Amf^ngst Deodars, a few seem slightly altered in colouPj. 
but as yet nothing serious is apprehended. During none of 
the frosts of previous years did the plants of Aucuba japonicoi 
show the same amount of blackened leaves as they have dons 
since the frost of 23d December. 
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Extracts from Letters to Mr M'Nab and Dr Balfour rela- 
tive to Temperature and to ths Injury done to Vegeta- 
tion during ifiepaet winter. 

1. From Mr Jamg3 Steatton, Botanic Garden, Cambridge. 

2%lliJanvaTy 18G1. 

Evergreens, suth as Cheiry Laurels and Portugal Laurels are all 
but kaied. Oaks of the Jif^r division are still more injured, Philly- 
rens, Alaternus, Arbutus, Sweut Bay, are dead to the roots. Seve- 
ral Conifero], as P'mus Sabiniana, P. Brutia, Araucaria imbricata, 
Cedrus Deodara, and even the couimon Cedar of LehanoD, are in- 
jured — some individuals more than others. 

Your temperature and ours seeni to have equalled each other, 
but on different days. On the 26th of December I was not 
alarmed enough to note it particularly. 

Morning of Deceraber 25, 1860, 5" below zero. 

„ January 8, 1861, 5° above zero. 

<> 10. ., 10" .. 

We had about sis inches of snow on the ground, which, I 
trust, has saved many of the herbaceous plants that would other- 
wise have perished. 



2. From Mr James C. Niven, Botanic Garden, Hvli. 

2Zd January 1861. 

You will see by the tables sent, that we have not had tlie 
severity of frost which you appear to have experienced at Edin- 
burgh. Our thermometer was placed in a favoui-able situation 
for a fair registry, viz. two feet from the ground, and not e^verwi. 
Our Portugal Laurels, common or Cherry Laurels, Phillyreas, 
Arbutus, Rhamnus, Sweet Bay, Laurustinus, appear to be all 
killed as far down as the snow-line. Even Hollies, more espe- 
cially the variety Ilex eraasifoUwn (leather-leaved), and several va- 
riegated varieties, will lose every leaf. All our Araucarias, so 
far as I can judge, are seriously damaged, if not absolutely killed. 
So are Cupressui macrocarpa, C./unebria, and Cn/ptomeria Japo- 
nica. Pxonia Moutan is killed to the ground ; also Aucubajapo- 
niea, and many of the supposed hardy llhododendrons. The 
chief reason why we have suffered so much, is, in my opinion, 
the large amount of rain we had during summer, which caused a 
vigorous growth among all evergreens, without warmness or dry- 
ness iQ autumn to ripen the wood. Our greatest depth of snow 
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did iii>t cxcewi 8 inches, On tte -iGlh of December, while tlie 
thenuonieter was at its miuimuni, nc bad a dense uiist (a frozen 
une of coarse), but with all the appearance of fog, which coa- 
tinued for two hours, after which the thermometer gradually 
rose. 
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1 Mr David Mooee, Otaenevin Botanit: Garden, Dublin. 



2-2d January 1861. 

I herewith send you the readings of our thermometer during 
the week of the intense frost which has proved so fatal to plants 
in England and Scotland. We have not suffered so much as on 
three former occasions of &ost, which occurrci! within the last 
twenty- three years. Our Evergreen Oaks are as green as possible, 
and none of the Couifei'ffi are killed which usually escape. The 
specimens of Laurustiniia are, as usual, considerably injured, par- 
ticularly the shining-leaved variety, while the black, rough-leaved 
variety is perfectly safe, and now beginning to expand its flowery. 
From what I have stated, you will be able to judge how little we 
have suffered compared to you and our English neighbours. Arau- 
carias look al ways frosted in the County Dublin, so that they are 
no criterion to judge from ; but they have not fared worse tluMi 
they do in ordinary winters. On the 19th and 20th of Decemljer 
we had snow, which covered the ground from 6 to S inches ; 
it remained on the plants when the intense frost took place, and. 
was there froncn. To this circumstance I attribute the compa- 
rative safety of many of our plants, since we have not suffered 
nearly so much as we did four years ago, when the lowest point 
registered was 0". 
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Minimwn Tttnj>eraturei at ih-i Qhitnevin Botanic Oarden. 



4. From Mr John Bain, College Botanic Garden, Dublin. 

IH Ffbrunrsf 1861. 

Although OUT shruba, &c., have been greatly injured by frost, 
we have not Lad anything like the intense cold you have expe- 
rienced. The following plants have been killed, at least to tlic 
surface of the ground : — Shining-leaved Laurustinus, all kinds of 
Ceanothus, except C. detitatus, standard Magnolia grandifiora, 
Aristolochins, Edvrardsias, Myrtles, Philljreas, Alatemus, and 
some hybrid Rhododendrons. Those very much disfigured are 
Magnolias on walls. Ilex furcata and eornuta. Evergreen Oaks, 
black and common Laurustinus, Sweet Says, and common Arbutus. 
Sunday the 23d ofDecember was tbe coldest night we had, the ther- 
mometer being 24° below the freezing point, that is 8^ Fahr. In 
the spring of 1855 we had the thermometer 29" below the freezing 
point. I.e. 3" Fahr. or 5° lower than the 23d of December last. 
Minimum Temperatures, 

UfK". I Degi. 

1860, December 23 . 21 1860, December 23 . 24 

23 . 8 „ 26' . 34 

24 , 14 I 1861, January 8 . 39 



5. From Mr Dastel Fehquson, Royal Botanic Garden, Belfast. 

31<1 Jaguars 1861. 

I send you the readings of our thermometer, by which you 
wilt see that we have not had the same amount of frost as you 
have experienced at Edinburgh, indeed in December 1859 we had 
it lower by T- 

Minimum Temperatures, 

Dega. I Dors. 

Morning of 23d December 18 Morning of 26th December 32 

24 „ 11 „ 8th J.iiiuary 17 

25 „ 11 I 

On the morning of the 24th December the thermometer at 
Lurgan was down at 9°, which is the lowest that I have heard 
of in the north of Deland. 

We have escaped with comparatively little injury. Any plants 
which withstood the frost of last winter have also withstood this 
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winter. However, all our Laurustinas, and nearly all oar Ro^o.s 
are completely killed. This can l>e acconnted for from the wet 
Qiitumn, the wood not being well ripened. 



6. From Mr A. Anderson, Oxen/ord Castlt Garden*. 

2id January 1861. 

I send Tou a list of our injuriee from the late frost. T will be 
better able some months hence to give a correct statement. I 
have been looking over out fruit-trees, and find the buds of many 
of our hardiest fruit-bearing trees are killed. And I fear thai 
our crops will not be very abundant this season. The wood and 
bnds were not well matured last autumn, consequently were ill 
prepared for snch a winter. 

Apple, Pear, Plum, and Apricot buds are injured. Standanl 
Hoses are killed (all sorts). The Cotoneasters, on walls both with 
south and north aspects, are injured. The leaves of the Gold and 
Silver Hollies are blackened. The common green Holly is blackened 
in some places. Portugal Laurels are injured in some sitaations, 
inside leaves killed, outside leaves safe, and where autumn pruning 
had been practised, they are much injured, Arauearia, last year'* 
growth, killed. Launistiuus killed above snow. Cednts Deodara 
generally safe ; one plant (10 feet high) a good deal browned. Tax- 
odium (14 feet) safe. Do (7 feet) injured. Do, (6 feet) underwood, 
safe. Rosemary (1 feet high) killed on a south wall. Evergreen 
Oaks killed. A curious effect appears among Portugal Laurels, 
bush may be seen as green and fresh as at midsummer, anil those 
on each side very much hui-t. I have observed the same thing 
occur among early potatoes in spring on a frosty night, when one 
would remain, while all around were killed ; showing that a very 
small obstruction will turn aside the cold current, or prevent 
radiation, in some way. 

Rtadings of TkermomiAer for one week, at Oxmford Castle Qardent, 
450 feet abov the aea-level. 



Bimday Night, Dec. 23 


Monday .. 


. 24 


Tuesday „ 


, 26 


WedncBday 


. m 


Thursday „ 




Friday „ 


, 28 


Saturday „ 


, ay 



Our coldest ni^ht during this severe weather was Monda; 
7th January 1861. Thermometer, five feet from the ground, W£ 
^.° above zero; and on the surface of the snow, I below zero. 
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7. From Mr Wm. Basteh. 

BICCAETOH, EliI January 1861. 

Our Coniferae, upon the whole, have not suffered much ; but I 
fear our fruit-trees, such as Peaches, Nectarinea, and Peara, are 
very much injured — to the extent, I should say, that no fruit 
may be looked for the ensuing scaaon, more especially aa regards 
Poaches. Our Araucarias arc all more or less browned at the points 
of the shoots, wbich are also drooping. Cupressug iamlosa lias 
Buffered a good deal, as also Libocedrus cJiilensis. On the whole, 
the Califoruian species are not much hurt. On some low ground, 
a few Deodars are almost, if not altogether, killed ; and I may say 
as much of all the spring- planted Portugal Laurels. Some planted 
about midsummer escaped. 

We had considerable variations in our thermometera about 
this neighbourhood on the morning of 2ith December 1860, Our 
garden thermometer fell to 7"; at Riccarton House, 4°; at Her- 
miston House, Miss Craig's thermometer indicated 3°, aud the 
gardener's 1" below zero ; Mr Dictaon's, 5° below zero ; Gogar 
Sank, 3° above zero ; Hanley, 8° below zero ; and Cume mil, 4° 
below zero. The average of the above figures would, I think, give 
the probable temperature of this district. 



8. From W. Scott Elliott, Esq., (o Professor Balfour, 
32 Regent Thkbacb, 2Gih Jar.uari 1861. 
The following is the range of the thermometer during the late 
storm, kept at Kilgraaton, Stratheam, Perthshire, The exposure 
was at the dining-room wiiidow, facing the north : — 



Deo. 22, . 10° above zero. 
„ 33, . 15 



Dec. 26, 

„ 27, 



9. From Humphrey Graham, Esq., to Professor Balfour. 
11 Shandwick Place, EniNBunau, 30ih Jan. 18G1. 

I send you a note of the thermometer at my pinetum or arbo- 
letura during the late storm. My trees, both young and old, 
deciduous and evei^een, are all injured by the weather; but 
starving hares and rabbits have made sad havoc chiefly among 
Iiaburnums and Hollies. 

Copy from register-thermometer kept by Alexander Donald, 
gardener, at Bilatane, about 850 feet, by Ordnance map, above 
»ea-Ieyel, parish of Kirknewton, Thermometers (Fahrenheit) are 
kept in a wooden box about four feet above the ground, covered 
at top, open only to the north: — 
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imm«m 


Ttmperalun 


is- 


Dec 26, . 


le 


,, 27, . 


4 


,. 23,. 


12 


„ 29, . 



„ 25, . 12 I „ 29, . . 2* 

10. /'rom Mr Jaues Stewabt, CatrrummV, Wiglonshire. 

' altt January lS6i. 

In answer to your inquiries, I am happy to say that none of my 
Araucarias seem to have sutFered from the severity of the frost. I 
was from home the week when the thermometer was at its lowest, 
and I do not think a correct register was kept of it. However, I 
am satisfied that we had not such severe frost here as must havo 
prevailed in some parts of the country much further south and 
west of us. As a proof of this, I may mention that the Cupressu* 
/anebrig has stoml the winter in the garden here without any 
protection ; and I consider it rather a tender species. The Cri/pto~ 
meria Japotaea and Tojxtdima sempervirens have also braved the 
winter, I cannot say so much for Roses ; some of the leaves are 
blackened, but I hope the shoots have escaped in general. 

1 have long noticed that the perfect ripening of the young wood 
on trees and shrubs in autumn is the important point for enabling 
the plants to meet severe frost without damage; and I think, in 
this respect, in our neighbourhood, we had some advantage last 
autumn. 



11. Prom Mr \Vm, Stewart, Cockprn House, Mid-Lothian. 

ai'tJ'Hvary 1861. 

On looking particularly at our 6ue evergreen Oaks at Dal- 
housie Castle, 1 find they have shared the same fate as those in 
the Botanic Garden. There are a good many of the brancbea 
with Ihe leaves quite green, but the main tmnk of the tree seems 
gone. The damage done to shrubs will not be fully known until 
the spring tries tliem. 



12. fifporf 5j/ Mr Peter LiDiiLB, gardener to Sir James UathesoD 
on the Flowering of Plants iit Stomouraif^ dated ith februaru 
1861. 

Anemones were in flower at Stomoway on 1st January 1861, 
Primroses on 16th, Snowdrops on 20th, and Pftniitea alba on. 
the '25th. Ci/iioiiin japoniea, Aiders and Willows, are now in 
fluwcr |'4tb February), and Crocuses are beginning to shoir 
flowers. The flower-buds of Ribes »iitiffainrum,o{ the Elder. oJT 
the Meiereon, and of Bfrfceri* (Malionia) J^wjblium, are beginning 
■■> e»p;Ai;il. There is a marked swclline of the buds of the AToun.- 
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laiii Asli, Horse Chcstniit, Wild Olicrry, Sj'camore, Broom, Whin, 
Thorn, Larch, Lilau, and Laburnum. The young shoots of Leyeea- 
teria /ormosa were about half an inch long nhen the frost set in, 
hut they were not injured. Some standard Camellias, 3^ feet high, 
iiiashrubberyborder,iiia very exposed place, which had their roots 
covered with a few pieces of spruce, and their stem suiTOunded 
witii a hay-rope, have scarcely suffered from the frost. None of 
the Conifers have suifered, with the exception of a species of Jum> 
per. Most of the Rhododendrons made a second growth in autumn, 
and yet they have only been slightly injured in some exposed 
situations. Esc<dlonia macrantha has Buffered to a certain ex- 
tent, Loniccras, Fuclisias, and Hollies, have not been injured. 
Celery and Brocoli have been supplied from the garden all winter ; 
they have had no protection. The grass never lost its green appear- 
ance, and daisies have continued to flower since 20th November. 

Specimens of many of the plants mentioned have been sent to 
Edinburgh. Among these were Cj/donia japoniea in flower ; 
Petasitet alba in flower ; Willow, Hazel, Alder, and Beech, with 
catkins more or less developed ; Viola tricolor, var. ai-vensU in 
flower ; Snowdrops, Anemone coronaria, and Primula vwlgaria, in 
flower ; Mahonia bearing flower-buds ; Leycesteria formosa and 
Rhododendron ponticum with vigorous buds. 



13, Mr TiiouAS Robertson, gardener, of Duffus House, Banff- 
shire, wrote thus on lltk February 1861 :— " AH the China 
lloses and the Fuchsias are cut down to the ground. The ever- 
greens, however, appear to he safe. The buds of Apples, Pears, 
Mil)es languincum and Gooseberries, have been injured much." 



14. Dr John G, Innes, writing from Forres, lltA Febru- 
ari) 1861, says — "I send herewith the readings of the maxi- 
mum and minimum thermometers for the last nine days of De- 
cember and 1st day of January : — 





Jinx. In Bhade 


Min. 


Max. in i; 


1860, Dec. 23, 


341 


160 


355 


„ 24, 


271 


90 


31-4 


„ 25, 


28-4 


13-5 


300 


» 2G, 


30-0 


130 


320 


„ 27, 


31-8 


22 3 


32-4 


>, 28, 


310 


150 


32 


M 29, 


335 


27 


36-2 


„ 30, 


370 


30-0 


38-5 


.. 31, 


39-0 


360 


45-0 


1861, Jui. 1, 


38-0 


330 


39-5 



I wentto Dalvey to-day, and found that the frost had done very 
little injury to the plants there. Deodars quite sound ; Crypto- 



■I 
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merii j'lponicii, ditto. Laurels and Arbutus a little browned in 
the learea, but apparently not otberwise damaged. Yetlow Jas- 
mine in full bloom. Fruit buds few in number, but sound when 
cut into. 

RoseB here have suffered soverely in consequence of the young 
wood not being sufficiently ripened last autumn — Noiaetles and 
Teas, and even hybrid Perpetuals, requiring to be cut close in. 

I enclose a shoot of Deodar, a bit of Cryptomeria [apparently C. 
Lobbit], a twig of the old Hawthorn, yellow Josmiue, and one or 
two Primroses, as a sample of our vegetation at this season. 

18. Front Mr D. Ccnnikoham, Palace Cfardens, Futham. 
9th Februaiy 1860. 
The thermometer, at 4 feet from the ground, on the 25th 
December 1860, stood at 7 degrees. Tea Rosea, Euonymus, and 
young plants of Cedrus Deodara, have been killed. I.aunu 
no&t'fu, Myrtles, Magnolias, and Tain pas grass, have been very much 
injured ; an old corlc tree, and old Deodars, have also suiSered ; 
Araucarias, Cryptomeria, and Wellingtonia, are uninjured. Nona 
of the forest trees have suffered. But in Esses, Herls, and Derby- 
shire, where the thermometer reached zero, Ash, Yew, aud other 
forest trees have been split. 



1&. Report from Mr Peter Bots, Jardma Hall Garden, 
Dum/rmshire, 5th March 1861. 

Thermometer on morning of 24th December 1860, at 7 a.m., 
was five degrees below zcru ; the exposure being due north. 

The following plants appear to be killed by the frost ; — Ciypto- 
meria japonica, Ctpregsus M'Nabiatia, Taxodium sempervirentf\ 
Gi/neriKm argmteum (Pampas grass), WeigeUi rosea, Abies Mvr^ 
tensiana (most of them killed), Brocoli, Greens, and Savoys. 

The following are injured more or less severely : — AraucariA 
imbrieata, branches below killed, upper ones browned, ends o( 
branches droo])ing ; Awvha japonica, leaves and branches black ; 
China Hoses, Perpetual Roses, Erica stricla and herbacea, Dabaecta 
poUfolia, Bay and Portugal Laurels, Common Yew and Ivy, i 
exposed situations, have their leaves browned. Laurustinu 
and Arbutus have never thriven well at Jardiue Kali. Plants o 
Cedi-na Beodara have their leaves browned in some instances. 

The following plants seem to be uninjured i — Pinua J^effrey\ 
Abies Douglanii, A, cephaloniea, A. Fattoniana, Picea grandit 
P. Nordmanniana, Wellingtonia gigantea. Thuja gigantea, Cupru 
aus Jjavisoniana, Juniperus vtrginiana, J. inacroearpa, Ccdrii 
Libani, Rhododendrons, Kalmtas, Andromedas, Berberis, Ribai 
Jasrainum, Lonicera, Cotoncnster, Box and Holly. iSaHabu- 
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adiaittifoila, Deutzia Ecahrai Forgythla mridissima, Hpirma Lirtd~ 
leyaiia, Pmonia Moutan., Ledum buaifolinm, Hibisats tyriacus, 
Kerria japonioa, ^uttallxa cerasi/ortnia, Aristoloehia Sipho, Cy- 
donia japonica, Mistleto, Tnlip-tree, Magnolias, Chestnuts, Plum, 
Apricot and Peach, Rasplierry, StrawlxiiTy, Asparagus, 



16. Report from Culloden, Inverness-shire. 

Temperatures. 
Dec. 23. +22°-3 I Dec. 26. +H=-7 

„ 24. +11-2 „ 27. +24 -8 

„ 25. +21 -7 I 

The following is a list of plants, shrubs, and trees, more or 
less injured (so far as is yet known) by the frost, in the garden 
and pleasure-grounds at Culloden : Escullonia rubra, killed ; 
Erica vagaits, much injured ; China Koses, Tea-acented and 
Bourbon, almost killed; Phillyreas, all nearly killed ; Laurua 
nobilis (Sweet Bay), killed to the ground ; Aitcuba japonica, much 
injured; Arbutus Unedo,]i\\i(id; Laurustinus killed to the ground; 
Common Laurel (Bay and Portugal) slightly touched in some 
places. Some Peach-trees slightly touched, but Apricots safe. 



I 



17. Report from Thirlestaiie Castle, Serwkkshire. 

Temperatures. 

Deo. 23. - i"-? j Dec. 26. - 0=-7 

„ 24. -e ■; „ 27. +4-3 

„ 25. -8,-7 I „ 28. +2'3 

Roses, Auracarias, Aucubas, Escallonias, Leyccsterius, and 

Common Laurels, are all killed down to where they were covered 

with snow. Portugal Laurels, Common Ivy, Privet, Cedrus 

Deodara, the last year'swood of Pears, Plums, and several sorts 

of Apples, very mnch destroyed. 



On Azimuthal Condensing Apparatus of Unequal Power 
adapted for Fiwed and Revolving LightJiouses placed on 
Islands near the Shore. By Thomas Stevenson, F.RS.E., 
Civil Engineer. 

In the volume of this Journal for 1855, 1 described different 
methods of distributing the rays proceeding from a flame 
equally over any required azimutlial angle. These devices are 
now applied to eueb fixed lights as arc situated on the shores 
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Oh Atimuttiat Omiemrimg Af^ 



«r Sotmda or nUTov seM, wbere the paver «f At 
Tsry aceordiog to the wjiiig widdi of tfce Ai»tl to be illa- 
nuBSted. In fixed li^to, u fonndiT eoaatractedi, the portioa 
of tbe light »bkh ns next the dure vu other alkmd to be 
vh^^j lo6t, from its showing in the hudwaid diRCtim, or it 
watretonwd tbroagh the Focus bjneaas of » sector of ftsjAte- 
rieal mirror, 6o as oltiautel; to strengthen ft eorroipon&ig 
are of the sea horizon, Caaes, hoverer, rery frainentlj oeenr, 
ID which it is desirable to employ this spue Ii^t, not in the 
direction ezactlj oppoeite to the da^ arc, bat in some other 
direction better suited to the onfignratioQ of the coftst line. , 
For example, at Isle Oronsa;, in the narrow So>and of Sky^ 
— which was one of the first places where the oondensitig ^i- 
paratns was adopted — tbe light throughout ncarl; the whole 
of the illaminatcd arc does oot require to be 6e«n at a greater 
distance than three or four miles; while in one direction down 
the Sound, towards A B, it ma; be seen from a vessel's mftst 
for aboat fifteen miles ; and in another up the Sonnd. towards 
C D, it sboald be seen for aboat seven miles. By means of con- 




densing apparatus similar to that which was first described in J 
this Journal, the spare light is condensed so as to increase the I 
power up and down the Sound, and in this way one stnall lamp 
and an apparatus of small size are found sufficient for the pur- 
pose. The practical effect thus secured is, that a lamp cooaum- 
ing only about 2 10 gallons of oil annually produces a beam of 
rays (in the only direction in which great power is required) 
equal in effect to a first-class light consuming about 750 
gallons. Condensing lights have now been established at 
Kyh \ Isle Oronsay, both in the Sound of SkyejJ 
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PhladJa [aland near Easdalo, Runa Gall hi the Sound of 
Mull, Corrau Point in Loch Liniilie, and another Is now 
being fitted up at MacArthur's Head, in tlio Sound of Islay. 
It has been computed, that the saving in firat cost and con- 
Bumption of oil, conaequent on adopting this improvement at 
theae six lighthouses, amounts, on the most moderate estimate, 
to about L.385 annually. 

Since the first application of this principle of allocating 
tlie light to the different azimulkal arcs in the compound 
ratio due to their lengths of range, and the number of thdr 
degrees in azimuth, various improvements and extensions of 
the same principle have occurred to me ; and I now, as a sup- 
plement to mj first communication, add the following cases, 
both for revolving lights, and for fixed lights which require 
to show all round the horizon : — 

Rewlving Lights of Unequal Range which do not JUuminate the 
whole Horizon. 
Revolving apparatus, where the whole horizon doea not 
need to be illuminated, may, like the fixed apparatus, bo 
similarly condensed. The power may be increased in the re- 
quired directions in different ways, according to the size of 
the apparatus and the local requirements of the coast line. 
As, for example, at the Skervuile Rock, in the Sound of Jura, 
(where I first thought of applying the condensing principle to 
revolving lights), the method that seemed moat suitable was to 
have the vertically straight prisms or mirrors for diverting the 
light into the required arc (vide vol. i. p. 273) fixed outside 
of the revolving apparatus. By thia arrangement, whenever 
the revolving lenses passed out of the illuminated are into 
the dark arc, the beams of rays emanating from them would 
be reflected by the series of prisms or mirrors, so as to pass 
over the arc that needed strengthening, which would thua be 
illuminated at the same instant by a direct and a reflected 
beam. The erection of a light on Skervuile was, however, 
delayed, and still remains in abeyance, and nothing was done 
regarding thia plan of condensing. At Mac Arthur's Head, 
which was at one time (1859) intended to revolt, the appa- 
ratus was so large that the lantern would not admit of reflec- 
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tofs beh^ fixed ovlade of Ae affantaa, ae propaeed f<n- Sker- 
TiBe, lad Ike lumn ««fe tfxwl i ar e to h«re reTolred along 
wilb flw Iwi, ftc* AWacheJ to CMh nuiror w&9 & rod or 
•tandud, {ngeetrng dvwawird*. villi s ttdler oo its loner 
eikd, vlueh in it« tnuwt vrer tbe daric are pused np aa in- 
elined pUne fixed to tbe triwiing-path. In passing over the 
iulined plane tlie rollers would oF coorae rise upwards, and 
niae the mirron to the lerel of the l«i)ees, co as to inter- 
cept tbe bean of light, and reflect it parallel to a beam ^m 
one of tbe other faces of the reTolnng appantos, and thas 
direct it to the azimoth where additional sn^ngtb was wanted. 
At the other extremity of the darlc arc, tbe rollers were to be 
lowered bj descending anoLh^ inclined plane, and the mirrors 
decceitding with the rollers below the leyel of the lens, b»-< 
came again inoperatiTe. ^Vfter the drawings bad been nearly 
completed, the character of tbe light was altered from a re- 
Tolving to a fixed light, so that the plan has never jet been 
carried into practice. Other mechanical arrangemcDts maj, 
however, be foond preferable in some cases. 

Pieerl Li<jhu of Unequal Ran-ji, tchieh JUumi'naU the whole 

Bonzon. 

At fixed light stations, which require to show all rounds 
the horizon, but which are placed, for example, on tui lalanil' 
very near the shore — it becomes desirable to allocate the 
power in proportion to the lengths of range in the different azi- 
matbs. The light should for those azimuths (which require 
to bo more or less powerful than the rest) be collected into 
beams of parallel rays by sectors of holophotes proportionate 
in horizontal angle to the power required. There should then 
be placed in front concave divergers, Etraight vertically, and 
of such horizontal curvature as to spread the incident parallel 
rays over the required arcs. The light will thus be made to 
show all round tbe horizon, of power equal to a fixed light of 
the ordinary kind, in those azimuths where the ordinary fixed 
light apparatus is placed, and of different powers in the azi- 
* Ikly rrUnd, Mr Jamts liilfoar, C.E., has lately snggegud to me, that Hh«rft 
the kppnratos iwifBmall size, one eontinuous mirror might be employ ed instead 
of ■ leries of separate mirrors. This mirror should of course Le a. logaritb- 
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nmths in which the holophotes and divergers are placed. For 
bj this arrangement, the light will be reduced in the azi- 
muthal plane lelow the standard of the light from the ordinary 
fixed apparatus, or increaaed above that standard in proportion 
to the allocation and separation of the rays effected by the com- 
pound action of the holophotes and the divergers. One of these 
agents could generally be saved in the refracting part of the 
apparatus, by making it disperse or condense horizontally, 
while still continuing to parallelize vertically, though it might 
perhaps be impracticable to make such a change in the totally 
reflecting prisms, the execution of which ia already difficult 
enough. This, however, is of no consequence, as it would io 
all cases be sufficient fco restrict the condensation and expan- 
sion, to those rays which pass through the refracting part of 
the apparatus only ; for even the shortest range would probably 
need all the light which comes from the prisms. 

Revolving Lights of Unequal Range, which lUwminate the whole 
Horiion. 
When a revolving light ia placed, for example, on an island 
situated in a long and narrow sonnd, and is required to show 
all round the horizon, it is obvious that, as in the case of the 
fixed light in similar circumstances, it should not be equally 
powerful in every direction. The simple method of distri- 
buting the rays properly, in many cases, is to place between 
the lamp and the revolving apparatus zones of spherical mir- 
rors (whose centre of curvature is in the flarae), or by placing 
outside of the apparatus portions of straight prisms, or mirrors 
of such horizontal curvatures as may be necessary for the 
different localities, or by a combination of these agents. 
The vertical breadths of these internal or external agents will 
depend on the lengths of range in the various azimuths, so 
as to divert that portion only of the light which can properly 
be spared from one azimuth to assist another, while they allow 
the remainder of the rays to continue in their original direc- 
tion. The varying breadths of these agents which intercept 
a part of tbe light in its ordinary course, but which still per- 
mit a limited portion to pass above and below them, will 
therefore represent inversely the varying distances of the 
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Dcighbouring shores from the ligfatboose. This ntio, vhicb 
is prob&b); iDTCrsely as the tquarea of tbe distaitcea iraa Uie 
shore, would rc'inire to be SEeeitainedbjftseries of experimcate. 

The allocation might also in some esses be effected bj a 
modification of the method alreadj described for fixed lights, 
which show all round the horizon. To attuD this there woald 
be placed tietween the lamp and the revoivtog IcBses agents 
which expand or condense tbe rays as reqnired orer tbe dif- 
ferent arcs- But as the rays bo altered in direction would 
not fall properly upon the lenses, an additional agent" woold 
need to be placed close to the lenses, in order to give the ex- 
panded and condensed rays the same amount of diTcrgence m 
if they had proceeded straight from the centre of the Same, 
which is the focna for which the lenses are calcnlat«d. Fop 
this puq>ose, supposing that we are dealing with an arc that 
has to be weakened, from its being opposite to a part of th» 
coast-line which is near tbe lighthouse, the agent placed next 
the flame would cause the incident rays to proceed as from » 
virtual focus short of the lamp, or, in other words, would in- 
crease their divergence. Tbe action of this instrument irould I 
therefore be to expand the rays incident upon it, and vhich ' 
came from hot a small horizontal portion of the flame, and to' 
spread them over the whole of the larger arc, where a small 
amount of power is sufficient. The second agent, or that next \ 
the revolving lenses, would intercept these expanded rays 
before they fell upon the revolving lenses, and would reduce 
their divergence, so as to make them proceed as from a virtual 
focus situated in the centre of tbe fiame, so that they would 
then be incident on the revolving apparatus in the proper 
directions. In other words, the second agent would undo the 
action of the first, but not until the rays had been spread 
equally over the expanded arc, and had extended so far out- 
wards as nearly to reach the lenses- In the case of an arc of 
condensation, the arrangement would be nearly the converse 
of the former. In both cases the ageuts would only require 
to act in the horizontal plane, the centre of their vertical cur- 
vatures being in the centre of the flame. 

In some instances spiral mirrors might be arranged close 

* In BOme f«w casee s. single ageat migbt be lolBcieDt. 
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to the flame bo as to Bond the light in the required direction, 
without so materially altering the direction in which it falls 
on the lens as to render a second agent necessary. 



Notice of Skulls found at Kerich, in the Crimea. By Daniel 

Wilson, LL.D., Professor of History and English Litera- 
ture, University College, Toronto. 

The stirring events connected with the Russian war, though 
already superseded in the popular mind by the memorable in- 
cidents of more recent warfare, have left behind tliem at least 
one beneficial result, in the knowledge we now possess of the 
geography and history of the Crimea; along with many valuable 
traces of the diverse occupants of that remarkable peninaula 
from the earliest glimpses of Greek colonisation along the shores 
of the Euxine Sea. From the date of the landing of the Anglo- 
French army in the Crimea in 1854, its geography, its ethno- 
logy, and its antiquities, all acquired a new interest; and the 
half-obliterated remains of Its unheeded and long-extinct past 
were suddenly invested with a significance which stimulated 
further investigation, and led to literary and archseological dis- 
closures of permanent value. Among its ancient historical 
sites, which, owing to peculiar circumstances, received a large 
share of attention, that of Kertch is, on various accounts, the 
most remarkable. Bui It on the site where, some 500 years before 
Christ, the Greek city of Panticapteum was founded, it was the 
centre of an area rich with memorials of the strangely che- 
quered past, which has seen the same spot successively occu- 
pied by Milesian Greeks, Romans, Goths, Huns, Tartars, 
Genoese, Turks, and Russians. The Russian occupation of 
the Crimea dates only from a late period in the eighteenth 
century; but since then, a museum had been formed in the 
town of Kertch, in which were preserved many historical an- 
tiquities of the Crimean Bosphorus ; and especially sepulchral 
relics recovered from the tumuli which abound on the site of 
the ancient Milesian colony. 

Learning from an old fellow-student that he was about to 
proceed to the Crimea, to join the Army Medical Staff, I wrote 
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to him, drawing Ms attention to varioos objects worthy of 
observation ; and in directing his notice to the treaauree ac- 
cumulated in the Museum at Kertch, specially requested bim 
to note for me — should opportunity offer — the characteristics 
of an ancient Macrocephalic skull preserved there. H is re- 
ferred to in Captain Jesae'a " Notes of Travel in Circassia and 
the Crimea," where it is said to have been found in the neigh- 
bourhood of the Don, though the probabilities suggested by 
other notices of discovery of Maerocephalic crania rather 
favour the idea that the Kertch skull was procured in much 
nearer proximity to the site of its later depository. 

It chanced, as is now well known, that in the fortunes of 
war the town of Kertch fell into the hands of the Aoglo- 
French invaders ; and some few of its ancient treasures were 
preserved and transmitted to the British Museum. By far 
the greater portion of the Museum collections, however, were 
barbarously spoiled by the rude soldiery ; and among the rest 
doubtless perished the little-heeded relic of the Macrocephali 
of the Crimea, Brat described by Hippocrates five centuries 
before our era. Blumenbach has figured, in his first Decade, 
an imperfect compressed skull, received by him from Russia, 
which he designates as that of an Asiatic Macrocephalus ; and 
in 1S43, Rathke communicated to Miiller's ''Archiv fiir Ana- 
tomic," the figure of anuLher artificially compressed skull, 
also very imperfect, but specially marked by the same depres- 
sion of the frontal bone. This example is described by the 
author as having been procured from an ancient burial-place 
near Kertch, in the Crimea. And in 1849, M. Rathke pub- 
lished a memoir in which he went into the subject more 
fully ; and showed that the vicinity of Kertch had yielded 
other illustrations of the same remarkable artificially modified 
crania of the ancient world, corresponding to those of Peru 
and the tribes of North America bordering on the Pacific. In 
illustration of the origin of the Crimean Maerocephalic crania. 
M. Rathke draws attention to the notices of the ancient tribes 
who derived their name from the singular practice of modify- 
ing the shape of the head during infancy. Hippocrates, in Us 
De Acre, Aqvis, tt LocU, speaks of them as a people among 
*hom ' those arc thought the most noble who have the long- 
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CBt beads." In this Tespect, the modern American flat-head 
tribes, aa well as the older Peruvians, furnish a remarkable 
correspondence in the ideas by which all have been actuated. 
Among the fiat-head tribes, the compressed and distorted 
akuU is the symbol of aristocracy, while the slaves of the tribe 
are rigidly precluded from giving the prized deformity to the 
heads of their offspring. Other distorted crania found in the 
neighbourhood of Vienna have been ascribed to the Avars or 
the Huns of Attila. But these have been made the subject of 
a curious commentary, singularly illustrative of the essential 
correspondence between the artificially modified crania of 
the Old and New World. Dt Von Tschudi, the Swiss tra- 
veller, whose works on the Antiquities and Ethnology of Peru 
have justly attracted attention, published a memoir on one 
of the Austrian abnormal crania, in the interval between 
the first and second publications of M. Rathko, in which he 
maintained the identity of the abnormal Austrian and Peru- 
vian skulls, and traced the origin of the former to the con- 
nection between Germany and Peru in the sixteenth century, 
when both were under the common rule of the Emperor 
Charles V. At that period, as he assumed, certain artifi- 
cially-compressed Peruvian crania had been brought over, 
along with other curious relics of the New World; and, hav- 
ing been thrown aside, they thus turned up, some three cen- 
turies afterwards, to baffle the speculations of modern science. 
Further diacoveriee, however, have sufficed to diapel thia gra- 
tuitoua assumption; and it is no longer doubted that the 
remarkable abnormal skulls, both of Kertch and other locali- 
ties along the shores of the Eusine and in the valley of 
the Danube, confirm and illustrate the references hy Hippo- 
crates, Strabo, Pliny, and other early writers, to an Asiatic 
people among whom the very same practices prevailed as still 
form the special characteristics of many of the north-west 
tribes of America, on the Columbia and Fraser Rivers, and on 
Vancouver's Island. 

Now that special attention is drawn to this suhject, it may 
be presumed that further discoveries of the same kind will be 
reported from time to time from the ancient cemeteries of the 
Crimea, and that probably in the cabinets of St Petersburg, 
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as well as in the local museums of Kertcli and elsewhere, 
othcV illustrations of the peculiar physical charact«mticB of 
the ancient macrocephali of the Euxine will be accumulated 
in confirmation of the earl; notices of the father of medicine. 
Meanwhile, however, all hopea of ascertaining any more pre- 
cise details than the slight notice fnmished by Captain Jesse 
of the Macrocephaiic cranium seen by him in the Kertcli 
Museum had been dissipated by the dispersion and wanton 
destruction of its treasures; and I had ceased to think spe- 
cially of Crimean crania, when I was gratified by receiving 
the gift of a skull, including the lower jaw, brought from 
Kertch by a young Cauadian physician, who had served on 
the medical staff of the British army during the Russian cam- 
paign. The skuli, which, along with much delicacy, is charac- 
terised by some very noticeable peculiarities in its conforma- 
tion, was described by the donor as that of a Circassian lady. 
In form it presented no correspondence with the Macrocephaiic 
type to which my inquiries had been previously directed. The 
forehead \a markedly vertical, and, in its general proportiona, 
it is strikingly characterised as a brachycephalic cranium of 
unusual width at the parietal protuberances, while marked by 
great delicacy and beauty, especially in the facial bonea. 

A special interest attaches to the evidences of physical 
form, as well as of philological characteristics, pertaining to 
the tribes of the Caucasian area, owing to the factitious im- 
portance that has been assigned to certain of them in modem 
ethnology. It may not, therefore, be altogether valueless to 
put on record the facts connected with the recovery of ths 
Crimean cranium in question, and to note the peculiarities of 
its form and measurements ; though, from the mixed character 
of the population of Kertch, it would not be safe to assign tha 
crania of its modern cemetery to any absolute ethnological 
group, or to make them the basis whereon to found data for 
classification, or for any comprehensive generalisation. 

Dr Latham, in his " Varieties of Man," classes the nations 
and tribes of the area within the range of Mount Caucasus 
under the generic designation of Dioscurian Mongolida^, in^ 
eluding in its chief divisions the Georgians, the Lesgians, the 
Mizjegi, the Irun, and the Circassians- He derives tho term 
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Ciosctiriati from the ancient seaport of Dioscurias, where the 
chief commerce between the Greeks and Romans and- the 
natives of tho Caucasian range took place. According to 
Pliny, it was carried on by 130 interpreters — so numerous 
were the languages ; and one striking characteristic of the 
locality, still noticeable, is the great multiplicity of mutually 
unintelligible tongues. This, therefore, is the idea designed 
to be conveyed by the term Dioaeurian. Caucasian would 
have been a preferable, because more familiar and precise 
term, but it has been already appropriated as an ethnological 
division, in a way sufficiently confusing and indefinite, with- 
out adding thereto by the creation of such a contradictory 
anion of terms as would arise from such a designation as 
Caucasian Mongolidie — almost equivalent, in popular accepta- 
tion, to European Asiatics. 

Tho use of both epithets, Caucasian and Mongolian, is 
traceable to Blumenbach ; and the history of his adoption of 
the former supplies a curious example of a term subsequently 
employed as ono of the most comprehensive heads of classifi- 
cation having its origin from the fewest possible premises. 
Among the captives taken by the Russians in one of their 
frequent inroads on the country lying between Mount Caucasus 
and the Euxine, was a Georgian woman, who was carried 
prisoner to Moscow, and died suddenly there. The body was 
made the subject of anatomical examination by Professor 
Hiltenbrandt; and the skuU having been prepared, was sub- 
sequently presented to Dr Ash of St Petersburg. From him 
it passed into the hands of Blumenbach ; and its peculiar sym- 
metry and beauty appear to have made a lively impression on 
hia mind. That this was not without good reason, appears 
from the following description of the Georgian cranium by 
Dr Lawrence : — 

" The form of this head is of such distinguished elegance, 
that it attracts the attention of all who visit the collection in 
which it is contained. The vertical and frontal regions form 
a large and smooth convexity, which is a little fiattened at the 
temples. The forehead is high and broad, and carried for- 
ward perpendicularly over the face. The cheek-bones are 
Bmail, descending from the outer side of the orbit, and gently 
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tnrned baok. The superciliary ridges mn b^th^r at th6 
root of the noae, and arc smoothly continued into the bridge 
of that organ, which forms an elegant and finely-turned arch. 
The alveolar procesees are softly rounded, and the cbin ia 
fall and prominent. In the whole structure there is nothing 
rongh or harsh — nothing disagreeably projecting. Hence it 
occupies a middle place between the two opposite extremes, 
of the Mongolian variety, in which the face is flattened ^nd 
expanded laterally ; and the Ethiopian, in which the forehead 
is contracted, and the Jaws also are narrow and elongated 
anteriorly." 

Little could the poor Georgian captive dream of the post' 
humous honours and admiration that were to atone to her for 
her living wrongs. She has avenged herself on her European 
captors by introducing uncertainty and confusion into the 
acienee for illustrating which Blumcnbach regarded her sym- 
metrical cranium aa a peculiarly valuable prize- It was in 
the Third Decade of his anatomical descriptions of skalle, pnbr 
lished in 17i)5, that the skull of the fair Georgian was intro- 
duced, accompanied by a glowing description of its elegance 
and uneriualled grace ; and a reference to the beauty of the 
Georgian women, which, as his example proved, Uvea even in 
their fleshless bones. A comparison of the skull, with a caet 
of one of the most beautiful classic busts in the Townley Col- 
lection, seemed to the enthusiastic crauiologist as though be 
had acc[uired the actual skull of the head from which the 
ancient marble was copied ; and when placed alongside of the 
only Greek skull in his collection, the Georgian waa superior 
to it, the Greek being next in rank. 

Hence it was that Blumenbach adopted his Georgian skull 
as a typical cranium for the most perfectly developed diviuoa 
of the human species. In the same decade in which the 
Georgian skull appears, the term Caucasian is introduced is 
connection with it ; and along with this term of classi&catioa 
appear also those of Mongolian and Ethiopian ; and these, 
with the epithets Malay and American, subsequently added, 
formed the names of a quinary division of the human species, 
which he conceived his physical researches to have established. 
Ey the term Caucasian, Blumenbach meant no more than the 
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adoption of a convenient name for his highest divieion of the 
human species, the typical characteristics of which were most 
completely epitomiaed in hia symmetrical cranium. Bnt the 
associations and historical traditions connected with Mount 
Caucasus supplied a tempting hasis for theory and speculation. 
The mountain range was assumed by some as the central point 
for the origin of mankind ; and the epithet derived from it is 
now associated with so many extravagant ideas, and so much 
loose and confused classification, that the vague uncertainty 
it has acquired is abundantly sufficient to justify its abandon- 
ment, When, however, Dr Latham substitutes the term Dios- 
cnrian for Caucasian, it its limited sense, as applicable to the 
inhabitants of the actual area of Mount Caucasus, he does so 
not only from different data to those employed by Blumen- 
bach, but even in defiance of such analogies as their ascer- 
tained physical conformation seems to suggest. He accord- 
ingly admits that he occupies exceedingly dehateahle ground, 
" So long has the term Caucasian been considered to denote a 
type of physical conformation closely akin to that of the 
lapotidne, i.e. pre-eminently European, that to place the 
Georgians and Circassians in the midst of the Mongolidse is 
a paradox. Again, the popular notions founded upon the 
physical beauty of the tribes under notice, are against such a 
juxtaposition ; the typical Mongolians, in this respect, have 
never been mentioned by either poet or painter in the lan- 
guage of praise." Perhaps, however, the facts which justify 
Ih- Latham in saying of Blumenbach's solitary Georgian skull, 
" Never has a single head done more mischief to science than 
was done in the way of posthumous mischief, by the head of 
this well-shaped female from Georgia," may have had their 
influence in tempting to the Caucasian paradox of his Dios- 
eurian Mongols. The classification, at any rate, entirely 
ignores physical conformation, and rests on vocabulary 
analogies, confirmed by an opinion expressed by Mr Norris, 
of the Asiatic Society, that on the surer evidence of gram- 
matical comparison, the closest philological affinity of the 
Dioscurian languages is with the Aptotic ones, of which the 
Chinese is generally accepted as the type. 

It is scarcely necessary to say, that languages may belong 
MBW SERIES. VOL. XUI. NO. 11. APRJT, 1861. 2 o 
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to a different class from the people who speak them. Europe 
supplies abundiint and well authenticated illustrations of this. 
An Englishman speaking Chinese does not thereby become a 
Mongol, nor will the adoption of the English tongue by the 
Chinese emigrants to Anstrarlia and elsewhere affect their 
essentially Mongolian physical characteristics. Dr Latham 
accordingly refera to the want of sufficient evidence for dis- 
cussing the physical elements of classification in his Dioscurian 
Mongols. " Physiological objections," he observes, " based 
upon the symmetry of shape and delicacy of complexion on 
the part of the Georgians and Circassians, I am at present 
unable to meet. I can only indicate our want of osteological 
data, and remind my readers of the peculiar climatological 
conditions of the Caucasian range, which is at once temperate, 
mountainous, wooded, and in the neighbourhood of the sea ; in 
other words, the reverse of all Mongol areas hitherto enume- 
rated. Perhaps, too," he adds, " I may limit the extent of such 
objections as a matter of fact. It is only amongst the chiefs 
where the personal beauty of the male portion of the popula- 
tion is at all remarkable. The tillers of the soil are, com- 
paratively speaking, coarse and unshapely." 

The latter remark, whatever be its value, may be made of 
the tillers of the soil everywhere ; but if the Georgian and 
Circassian mothers are generally as graceful and beautiful in 
form as the concurrent opinion of travellers affirms them to 
be, the perpetuation of anything approximating to a Mongol 
physical type in their sons, would be one of the greatest 
marvels in physiological ethnology. In the absence, however, 
of osteological data, the smallest contribution towards the 
accumulation of the requisite facts may have its value. 

The history of the cranium to nhich I now direct attention 
is as follows :— Dr Michael Turner was present in the Crimea, 
and in active service on the medical staff during the Anglo- 
French Invasion of ] 855, and witnessed the capture of Kertch, 
At that period its population was estimated at between 7000 
and 8000, and was composed of Tartars, Cossacks, Greeks, 
Russians, and a sprinkling from the tribes bordering on the 
shores of the Black Sea- More than two-thirds of the whole 
population of the Crimea are a mixture of the pure Asiatic 
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Mongol Tartar with the modified European Turk ; and except 
among the nobles or mursca, and partially among the popula- 
tion of the northern valleys, they abundantly indicate their 
Tartar origin in their features. 

The antipathies which the mutual wrongs of Russian and 
Turk have created, have obliterated in the minds of the lat- 
ter any idea of kindred with the Tartar or semi-Turkish 
population of the Crimea; and after the sack and pillage of 
the town of Kertch, the Turkish troops carried their violence 
so far as to open and spoil the graves in the Christian ceme- 
teries; and on finding trinkets and relics in some of the first 
they opened, a general desecration ensued. The articles 
found consisted of rings, beads, and amulets, and also of cruci- 
fixes, and images of the saints; and these were sought for, 
and appropriated by the Turkish soldiers, with the utmost 
indifierenee to the condition in which they left the ravished 
occupants of the desecrated graves. While strolling in the 
neighbourhood of the city where such shameful spoliation had 
been carried on, Dr Turner passed through a large cemetery, 
which'he was led to believe had been confined exclusively to 
members of the Greek Church, frona the number of largo 
marble crosses heading the graves. Most of the latter were 
opened, and rifled of such of their contents as could tempt the 
cupidity of the spoilers ; and the skeletons and partially desic- 
cated remains of their former occupants lay strewed about the 
ground. On looking into one of the open graves which bad 
been thus despoiled, he was tempted to examine the nature of 
the sepulture, as the body still remained in its original posi- 
tion ; and also to ascertain whether the marauders had left 
anything of value behind. He accordingly jumped into the 
grave, and turning over the loose soil with his hands, ho was 
struck, on uncovering the head, by its long black hair and 
beautiful teeth. The body was not yet returned to the dust, so 
that the interment was one of no very remote date from that 
of the disturbance of what cannot properly, under such cir- 
cumstances, bo called its last resting-place. The muscles, 
which still remained on the forehead, were dry and con- 
tracted ; and across the forehead, and round the head, was a 
broad gold fillet, sufficiently indicating that the grave was 
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tenanted by one who bad occupied a high social rank. No 
utiier ornaments or relics were observed, the whole of these 
haviug doubtless been removed hy the original riftera of the 
grave. Dr Turner did not consider it a very serious aggrava- 
tion of the desecration to which the dead had already l>eeR 
subjected, to poseeBS himself of the akull, which struck him as 
oue peculiarly marked with indications of former delicacy and 
beauty; and through the kind intervention of my friend Dr 
C W, Coveruton, it has since been transferred to me. 

From a comparison with other skulls procured by him, Dr 
Turner at first inclined to the opinion that he had actjuired 
the cranium of a Greek lady. The breadth at the parietal 
jirotuberanceei, ho.wever, along with other marked features, 
iliiTer essentially from the Greek type of head ; and as there 
were many Circassians among the wives of the most influen- 
tial and affluent families in the city, the probabilities, he con- 
ceives, arc, a priori, in favour of its being ascribed to a people 
celebrated for the beauty of its females, and for their frequent 
introduction both to Turkish and Gra'co-Ruseian houaeholds 
around the Kuxine. An elaborately sculptured, but broken 
marble cross, at the head of the grave, added additional proof 
that the once loved and lost beauty of some Kertch household, 
whose remains were subjected to such iudignitiea, had been 
ranked during her lifetime among the finest porcelain of 
human clay. Under the peculiar system which prevails in 
oriental households, however, and by which Christian as well as 
Ottoman alliances are influenced, a wide area is embraced 
within the possible origin of the beauties who adorn such 
Eastern homes; and a comparison of the most strikingly 
marked characteristics of this heud with the varying types of 
cranium pertaining to what may be regarded, even in some 
respects philologically, as the European ethnic area, would 
rather suggest its classi&cation among Armenian than Cir- 
cassian forms. The materials, however, for arriving at any 
very definite conclusion are limited, and perhaps inadequate 
for positive generalisations; and it may suffice to put on record 
such minute descriptions and measurements as may afford 
the means of future comparisnn. 

The skull, aa already indicated, la that of a female, of fully 
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tLirty years of age. The bones of tlie face are characterised 
by great delicacy. The zygomata ajre slight, and enclose a 
space proportiooally small by the zygomatic arch. The face 
is altogether small for the head, giving the idea of a consi- 
derable breadth of forehead, though it will he seen that the 
parietal diameter ia in greater excess than usual when com- 
pared with the frontal diameter. The teeth, the beauty and 
completeness of which attracted the attention of Dr Turner 
when first exposed in the cemetery at Kertch, have since 
mostly fallen out ; but with the exception of one decayed 
molar, such as remain fully accord with his description, and 
with the delicacy of the superior and inferior maxillaries. The 
forehead is smooth, with no projection of the frontal sinuses, 
and no depression above the nasal suture, but with marked 
frontal protuberances at the upper angles of the forehead. 
The occipital protuberance is slight, and the profile of the 
calvaria exhibits a markedly vertical aspect, both in its frontal 
and occipital outlines, The frontal bone passes somewhat 
abruptly from the forehead to the top of the skull, thereby 
giving a square form to the profile, instead of the more usual 
arched curvature; so that, with the nearly vertical occiput, 
the cranium has a singularly compact outline when viewed in 
profile. The parietal bones are large, with a gradually in- 
creasing protuberance to their greatest diameter, a little be- 
hind the line of the mastoid processes. Owing to this, the 
outline of the vertical aspect presents somewhat the form of a 
truncated wedge, narrowing gradually, and with a nearly uni- 
form diminution, until abruptly rounded off into the forehead 
at the frontal protuberances. 

The following are the most characteristic measurements of 
this skull : — 



Longitudinal diameter, 


6-7 


Parietal diameter, 


5-7 


JroD tal diameter, 


3-8 


Zygomatic diameter, . 


44 


Vertical diameter. 


47 


Intermastoid arch, 


Ha 


Intermastoid line. 


37 


Length of face. 


6-:; 


Horizontal circumference. 


197 
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Dr J, Aitken Meigs has remarked, in his " Cranial Charac- 
toristicB of the Races of Men," chiefly founded on data sup- 
plied by the Morton Collection in the Academy of Sciences at 
Philadelphia: "The extreme south-eastern section of the 
European ethnic area, occupying mainly the table-land of Iran, 
is represented in the Morton Collection by six Armenian, two 
Persian, and one Affghan skull. A general family resem- 
blance pervades all these crania. They are all, with one ex- 
ception, remarkable for the smallness of the face, and short- 
ness of head. In the Armenian skull, the forehead is narrow 
and well formed, the convexity extending upwards and back- 
wards towards the parietal protuberances, and laterally towards 
the temporal bones, The greatest transverse diameter ia be- 
tween the parietal hones. This feature, combined with the 
flatness of the occiput, gives to the coronal region an outline 
resembling a triangle with all three angles truncated, and the 
base of the triangle looking posteriorly. In fact, the whole 
form of the calvaria is such as to impress the mind of the 
observer with a sense of squareness and angularity. The di- 
mensions of the orbits are moderate ; the malar bones small. 
Hat, and retreating ; zygomatic processes slender ; and the 
general expression of the face resembling that of the Circas- 
sians, from which latter it differs in being shorter." On nearly 
all those points, the Kertch skull closely corresponds to this 
description of Armenian cranial characteristics. The only 
noticeable exceptions are in the orbits, which may be de- 
scribed as somewhat large, but with their perpendicular dia- 
meter the greatest ; and in the length of the face, which has 
more of the assigned Circassian dimensions. The formation 
of the lower jaw indicates a delicately pointed and small chin. 
Viewed altogether, the peculiar features of this skull are well 
defined, and sufficiently characteristic to enable an experienced 
craniologist to assign it, with little hesitation, to the Iranian. 
group, with its included Georgians, Lesgians, Circassiana, and 
Armenians. Of those the last named — to which the Kertch 
cranium seems by its most prominent peculiarities to belong — 
possesses some characteristics of peculiar interest. In hJa 
" Varieties of Man," Dr Latham places the Armenians fore- 
most among his '• unplaced stocks ;" but regarding them from 
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a pliilological point of view, )ie seems to consider them as in 
some respects presenting indications of a link between the 
Indo-European and the Semitic groups. But he also adds : 
" It is through the Armenian that the transition from the 
Mongolidffi to the Atlantidas is most likely to be recognised." 
Obtained as the skull now described has been, under peculiar 
and somewhat unique circumstances, and with a minuteness 
of evidence relative to the social condition and the vital char- 
acteristics originally pertaining to her whose sepulture was 
involved in the ravages of the Crimean war, which led to its 
acquisition, the facts recorded in this paper may possess 
some slight value as a contribution to data now accumulating 
from the labours of many independent workers, and destined 
ultimately to establish physical ethnology on a sure and well- 
determined basis. 
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Arclutia ; or, Studies of the Cosmogony and Natural History 
of the Hebrew Scriptures. By J. W. Dawson, LL.D., 
F.G.S., Principal of M'Gill College, Montreal. 1860, 
8vo., pp. 400. 

At the present time, when there is a tendency among men of 
Etuence to ignore the testimony of Scripture — when, in a volume of 
Eegays and Reviews which has been recently published, there is 
an attempt to annihilate the authority of the Bible as the inspired 
Word of God, to reject all miracles as incapable of proof and re- 
pugnant to reason, and even to undermine our faith in Go<l as the 
Creator — it is pleasing to find a man like Principal Dawson, of 
liigh geological reputation, coming forth to vindicate the inspira- 
tion of the Bible, nnd to show the accordance between its atale- 
ments and the facts of modem science. It is not for us to enter 
npon tbe question of Bible theopncustia; tbat has been ably proved 
by others. Our desire is to show that there is no discrepancy 
between science and religion, Tlie Word of God and the works 
of God are in perfect harmony. God is the author of both ; and, 
when we regard tbeir common origin, we may rest assured tbat they 
will never be in opposition. We have no fear of true science. It 
has alwaj'B done its duty well. It is science falsely so called 
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that attempts to oppose the truth of the Bible. Such oppositions 
are the result. Dot of increase, but of defect of knowledge. They 
are advaDced by men who profess themselves to be wise, but who 
are in reality foola, Dr Dawson, as a Christian man, takes the 
Scripture as his guide, and he has brought his biblical knowledge 
to bear on the facts of geology. The present work is the result 
of a scries of esegetical studies of the lirst chapter of Genesis, in 
connection with the numerous incidental references to nature and 
creation in the other parts of ttic Holy Scriptures. He says that 
ho cannot " hope for tlie approval of that shallow school which 
decries Bible philosophy as a thing of bygone times, and attempts 
to raise an insurmountable barrier between the domains of faith 
and reason, by excluding from nature the idea of creative power, 
or from religion the noble cosmogony of the Bible, His utmost 
hopes will be realised, if he can secure the approbation of those 
higher minds in which the love of God is united with the study of 
His works." 

In liis introductory remarks the author alludes to the early 
liistory of the Bible — of the Revelation made to Moses and the 
prophets, and to the writers in the time of our Saviour, He then 
goes on to say, — " Nor is the modern history of the Bible less 
wonderful ; exhumed from the rubbish, of the middle ages, it has 
entered on a new career of victory ; it has stimulated the mind 
of modem Europe to all its highest clFarts, and it has been tbe 
(ibarter of its civil and religions liberties. Its wondrous revela- 
tion of all [hat man most desires to know, in his past, in his pre- 
sent, and in his future destinies, has gone home to the hearts of 
men in all ranks of society, and in all countries. . . . Explain it 
as you may, the Bible is a great literary miracle, and no amount 
of inspiration or authority that can be claimed for it is more 
strange or incredible than the actual history of the book." 

The author considers first the object, character, and authority of 
the scriptural view of the cosmos, and he concludes — 1, That the 
Mosaic cosmogony must be considered, with the prophecies of the 
Bible, as claiming the rank of inspired teaching, and must depend 
for its authority on the maintenance of that claim, 3. That the 
incidental references to nature in other parts of Scripture indicate 
at least, the inlluence of those earlier teachings, and of a pure 
monotheistic faith, in creating a high and just appreciation of 
nature among the Hebrew people. 

The general views of nature contained in the Holy Scriptures 
are next considered. It is shown that the Scriptures assert in- 
variable natural law and constantly 'ng cycles in nature ; 
that they recognise progress an 1 le lopn ent purpose, use and 
special adaptation in nature, as well as tl e law of type or pattern. 
After these preliminary matters th autl o p oceeds to consider 
the statement 8 sc;v'u(i"iij in the fi t 1 apt f Genesis. He re- 
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marks, "No studied introduction precedes the sncrcd narrative. 
No attempt is made to prove thu existence of God, or to disprove 
tlic eternal esistence of matter. The history opens at once with 
the assertion of the great fundamental truth, which must ever 
form the basis of true and sound philosophy — the production 
from non-existence of the material universe by the eternal self- 
existent God." He paraphrases the first and second verses thus : — 
" At a far-distant time, Elohira, the tritme God, created the material 
of the heavens and the earth. After its creation, the earth was 
still without organised inhabitants. It was covered with a dense 
and heterogeneous mantle of va|iours, and it was entirely destitute 
of solar light and heat, but processes preparatory to its being 
perfected and inhabited were in progress." 

After alluding to a self-luminous atmosphere round the earth 
as being the first source of light, he takes up the question as to 
days or hours of creation, and says, '' In reviewing all the train of 
reasoning into which the term Day has led us, it appears that, 
from internal evidence alone, it can he rendered probable that the 
day of creation is neither the natural nor the civil day. It also 
appears that the objections urged (gainst the doctrine of day- 
periods are of no weight when properly scrutinised, and that it 
harmonises with the progressive nature of the work, the evidence 
of geology, and the cosmological notions of ancient nations." 
The Atmosphere and the Dry Land next call for discussion, and 
the First Vegetation is brought under notice with the remark that 
'' plants were created each kind by itself, and that creation was 
not a sort of slump work, to be perfected by the operation of a law 
of development, as fancied by some modem speculators. In the 
assertion of the distinctness of species and the production of each 
by a distinct creative art, Revelation tallies perfectly with the 
conclusions of natural science, which lead us to believe that each 
species is permanently reproductive, variable within narrow limits, 
incapable of pennanent intermixture with other species, and a 
direct product of creotive power. ... On the theory of long 
creative periods, the statement as to the third day must refer to 
the first introduction of vegetation in forms that have long since 
ceased to exist. Geology informs us that, in the period of which 
it is cognisant, the vegetation of the earth has been several times 
renewed, and that no plants of the older and middle geological 
periods now exist. We may therefore rest assured that the 
vegetable species, and probably also many of the generic and 
family forms of the vegetation of the third day, have long since 
perished and been replaced by others suited to the changed con- 
dition of the earth." 

The correspondence between the geological and Mosaic records 
is well seen in the character of the animals found in the fossili- 
feroua rocks, The paleeozoic, mezozoie, and tertiary epochs are 
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conei(iei-e<l a« being niarkeJIy referred to in the Scripture account 
of the succession of auimals. Man is the cliniiU of the creation- 
" The Bible knows but one spedes of m-to. It is not said that 
man was created after their epeciea, as we read of the groups of 
animals. Man was made male and female, sad but one ptimidTe 
pair is iiitrtiduced to our notice. , . . Nor does the Bible 
allow US to assign a verv high antiijuitj to the origia of man. 
Its citrefnl genealogical tables admit of but very narrow limits of 
difTcrenee of opinion as to the ages of the human world or seon ; 
and especially of the delage, from which man took his second point 
of departure.'' The last provision in time, according to Forbes, waa 
completed bj- the coming of man ; he stands unique in space and 
time. No proof exists of thR production of a new species since 
the creation of man ; and geological evidence points to him and n 
few of the highi-r mammals as the newest of the creatures. Thus 
far science leads us, but the after change in man and his fallen 
condition arc only learned by Revelation. No doubt there is 
siiflicient evidence to show the most sceptical naturalist the dis- 
jointed state of the present relations of man to nature, and the 
violations of symmetry occur everywhere. But while science 
leads us to snapect the fallen condition of roan, it leaves as hence- 
forth to the teaching of Revelation. Dr Dawson seems to adopt 
the view of Hugh Miller as to the seventh day being the modern 
or liuman era of geology, the Redemption rest of the Creator. 
The subject of the unity of man is taken up, and the views of 
Agassiz are combattcd. 8crij>ture and science are shown to be 
in harmony both as to the unity and antiquity of man. In the 
concluding chapter a- con>parisoo is made between the teach- 
ings of Geology and Scripture, under the following bends : — 
1. Scripture and science both testify to the same fact, that there 
was a beginning, 2. Roth records exhibit the progressive char- 
acter of creation. 3. Both agree in athrming that since the be- 
ginning there has been but one great system of nature. 4. The 
periods into which geology divides the history of the earth are 
different from those of Scripture, yet, when properly understood, 
there is a marked correspondence. 5. In both records the ocean 
gives birth to the Rrst dry land, and it is the sea that is ^t in- 
habited, yet both lead at least to the suspicion that a state of 
igneous fluidity preceded tite primitive universal ocean. 6. 
Both concur in maintaining what is usually termed the doctrine 
of existing canses in geology. 7. Both agree in assuring us that 
death prevailed in the world ever since animals were introduced. 
B, In the department of final causes, as they have been termed, 
Scripture and geology unit« in affording large and interesting 
views. 9. Both records represent man as the Inst of God's 
works, and the culminating point of the Athole creation. 

For the arguments on which these points of accordance are 
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founded, we must refer to the work itself. Altliougli there may 
be some difficulty in agreeing with our author in all his interpre- 
tatioHB and views, still wo consider his volume as one well worthy 
of careful perusal and study, and as admirably calculated to 
counteract the sceptical theories of the present day, and to lead to 
a patient study of science in the light of Revelation. The work 
is written by an able geologist and a good Biblical scholar — by 
one who loves science, and who loves the truth — by one who con- 
templates nature with the eye and heart of a Christian philosopher, 
and who is admirably qualified to superintend the scientific studies 
of the youth iu the college over which he presides. 



The BotanisVs Guide to the Counties of Abet-deen, Banff, and 
Kincardine. By G. Dickie, A.M., M.D., Professor of 
Botany in the University of Aberdeen. 1860. 12mo, pp. 
344. 

Local Floras are of great importance as regards geographical 
botany, and they are also valuable aids to the student in the pro- 
secution of his practical researches. The present work is one of 
great interest, inasmuch as it embraces one of the most alpine 
districtjj of Britain, containing many rare species, and constantly 
visited by naturalists. The plants of Aberdeenshire .ind the neigh- 
houring counties have occupied the attention of observers for at 
least 100 years. Dr David Skene, a contemporary and correspond- 
ent of LiuusBUS, studied the zoology and botany of the district. Since 
his time, the botany of Aberdeenshire has occupied the attention 
of many zealous naturalists, among whom may be noticed Profes- 
sors Beattie and Knight, Dr Alexander Murray, Professors Graham 
and Balfour, Mr Hewett C. Watson, Mr Gardiner, and Professor 
Macgillivray. In 1856, Dr Dickie published a Flora of Aberdeen, 
embracing a range of about twelve miles south-west and nortli. 
The " Natural History of Deeside," by JIacgillivray, was pub- 
lished after his death, and was privately circulated, through the 
liberality of His B«yal Highness the Prince Consort. 

The district included in the present work has been the scene of 
many herborizing excursions, and the mountains of Ballater and 
Braemar have been trode in sunshine and in mist by numerous 
botanical collectors, who have, by their labours, added to the Flora 
of Scotland, and enriched the British Herbaria with many rare 
specimens. These wild localities used to be freely traversed by 
all, but within the last twenty years the increase of deer-stalking 
has caused many restrictions to be imposed on travellers, and has 
intoiTupted in no small degree the researches of naturalists, who 
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" The instancee selected are the very summits of the respective 
niouutains ; places where a complete list of species can be readily 
got. It will be obvious at a glaoce, that there is a rapid decrettae 
ill the number of species belonging to the British type, the last to 
disappear being Calluua vulgaris ; of the Scottish type, Empetrum 
niffrttm ascends highest, viz., to 4100 feet. On the other hand, 
the Highland type increases steadily in numbers till at last, 
Rpccies belonging to it constitute alone the scanty flora. The 
mid-arctic zone is that in which there is the greatest' development 
of Highland species. The proportion of Monocotyledons toDico- 
tylwlons at diiferent altitudes is also worthy of notice. In the 
entire Flora of tlie county of Aberdeen, the projtortion is 1 to 2-4 ; 
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at 3125, 3800, and 3900 feet, they are equal ; and at the hig 
point they are 1'3 to 1. The Monocotyledons, therefore, i 
in proportional numbers as we ascend." 

The flowering plants are arranged in 74 natural orders, accord- 
ing to the syfiteni of Decandulle, The English names are added, 
also the time of flowering, the type to which they belong, and 
their range in Britain, both latitudinally and altitudinally. A 
list of introduced species is appended. Catalogues of ferns, moGses, 
lichens, fungi, and algse are added, with the localities of the 
species. In the nomenclature of the mosses, Wilson's " Bryologia 
Britannica" is followed; in the case of the lichens, Schterer's 
" Enumeratio Lichen um," 

To show the interesting information conveyed in this excellect 
llttleworkjletus take a single example, the common Scotch fir : — 

" Pinug ST/hjeslris, Linn. (Scotch Fir.) 
"Perennial — Flowers in May and Juno — Scottish type. Range 
in Britain, 56° to 59° ; 1500 to 2200 feet. 

" Truly wild examples of this tree are at present only found in 
the interior of the district ; the numerous remains found in peat- 
hogs in many parta where it does not now grow, indicate a more 
general distribution of it in a former epoch. This remark applies 
not merely to the lower parts, but also to the higher and more 
inland localities. The stems of the plant are to be seen in 
peat-mosses at high altituites, where such trees cannot grow at 
the present day. Mr Watson (Cy&efe Britannica, toI. ii. p. 410) 
alludes to a trunk with a girth of 8 feet, at 550 yards of eleva- 
tion in Aberdeenshire, the upper limit of ^r woods being at pre- 
sent about 1950 feet, where the trees attain far less size. In 
1842 there existed in Mar Forest an example of this tree, mea- 
suring in girth at the base 22 feet 4 inches; the ago unknown. 
In the same year I found that some stumps of this species in the 
forest of Balachbuic, having 120 annual zones, measured 8 feet 
in circumference at the base; taking such as a standard, the 
patriarch of the Mar Forest must have been more than 300 years 
old. The results of numerous observations lead to the conclusion 
that the rate of growth of this valuable tree continues steadily up 
to seventy years, diminishing from that period to ninety and up- 
wards. In very aged trees, the annual zones near the outside of 
the trunk are very thin, and not easily counted. A remarkable 
distortion of the trunks of the Scotch fir occurs in some localities ; 
the stems present the most fantastic shapes, and the letter S re- 
presents a form frequently assumed. Such effect is usually sup- 
posed to be proiluce<l by the drifting of snow upon the trees when 
young, and while their stems are still slender and flexible. In the 
upper parts of Glen Quoich, the numerous dead and bleached stems 
of the Scotch fir have a very remarkable spiral twist in the wood ; 
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it is probable thia is owing merely to the coatinued action of 
eddy winds upon tho trees duriag their whole life. Sucb spiral 
arrangement of the wood is not a natural structure. It has been 
observed also ia the forests of north-eastern Europe, and I believe 
the same eicplanation given," 

Dr Dickie's Flora ia a model of what a local list ought to be. 
The statements arc condensed, practical, and useful. Nothing is 
given but what bi-ars directly on tlie distribution of the species in 
the district; and the accurate observations as to their range add 
very much to the value of the work, We recommend it parti- 
cularly to all those who visit the alpine districts of Scotland in 
search of their Horal treasures. 



The Life of William Scoreaby, M.A., D.D., F.R.SS. L. ^ K, 
Corresponding Member of the Institute of France. By his 
Nephew, K. Scoresby-Jackson, M.D., F.R.S.E. 8vo, 
pp. 406. London, 1861: T. Nelson and Sons. 

The object of tJiis book, as stated in the preface, is to ffve a 
concise history of a man of a singularly active and observant 
mind, who was ever careful to record and preserve his observa- 
tions ; who in early life enlarged the sphere of his researches by 
repeated voyages ; was the first to make an accurate survey of the 
cast coast of Greenland, and who penetrated further north than 
imy of his contemporaries ; who devoted the latter half of his life 
to the moral instruction and amelioration of hia fellow -creatures ; 
a philosopher, whose acute intellect embraced some of the most 
subtle subjects of physical science ; a sincere believer and candid 
advocate of religious truth ; and withal a zealous and indefatigable 
practical philanthropist. The work is replete with interest and 
instruction, and is compiled in part from an autobiography left 
liy Dr Scores by. 

Dr Scoresby was born on 5th October 1789, and was early 
initiated in the adventures of a seafaring life by his father, who 
commanded one of the Whitby ships engaged in the Greenland 
whale fishing. In his early life, as well as in later years, he 
prosecuted his studies at the University of Edinburgh, where he 
l>ecamc acquainted with Professor Jameson and other scientific 
friends. He then embraced the calling which his father had 
long followed, and he made repeated voyages to the Arctic regions. 
These voyages, although intended for commercial purposes, were 
also made subservient to science, and led to the publication of a 
valuable work on tlie Arctic Regions, which established hia sden' 
tilic reputation, and introduced him to nieu of the highest emi- 
nence, and various scientific societies both at home and abroad. 
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He wna an euterprisiiig and bold oavigator, and did rautli to atl- 
vance oiir knowledge of Arctic phenomena. His magnetic inTcati- 
gations, and his ohaervatious on the waves and currents of the 
Atlantic, were particularly valuable, and placed him in a high 
position as a man of science. His final voyage to the nortliem 
regions took place in 1823. Subsequenlly to this he abandoned 
a sea life, became a candidate for orders in the English Church, 
and he continued to perform the duties of a clergyman in various 
parts of England, until hia death at Torquay on 21at March 1857, 
During hia ministerial life he made trips to America and Aus- 
tralia for the sake of his health, as well as for the purposes of 
science. 

The details of hia adventurous and chequered life are given in 
an interesting manner by his nephew, and they amply reward a 
diligent perusal. The zeal and earnestness of Dr Scorcaby in his 
Arctic explorations, his scientific research, the discoveries he made 
and the striking incidents of hia sea royagea, are well portrayed ; 
and hia Christian labours as an English clergyman are iaitlifully 
recorded. We consider the vrork as a valuable addition to the 
department of biography. 



Elements of Agricultural Chemistry. By Thomas Anderson, 
M,D., Profesaor of Chemistry in the University of Glasgow, 
and Chemist to the Highland and Agricultural Society of 
Scotland. 12ino, pp. 299. Edin. : A. & C. Black, 1860. 

The object of the present work, as stated in the preface, is ta 
offer to the farmer a concise outline of the general principles of 
agricultural chemistry. Its aim is strictly elementary, and unne- 
ceaaary technicalities have been avoided, so as to bring it within 
the grasp of the farmer. The author, from the position which he 
occupies, has acquired a thorough knowledge of the wants of the 
farmer; and he baa accoi-dingly dwelt specially on those depart- 
ments of the subject which bear, more immediately on the every- 
day practice of agriculture — such as the composition and properties 
of soils, the nature of manures, and the principles by which their 
application ought to be governed. 

After giving a short review of the progress of agricultural 
chemistry, the author writes -. " Notwithatanding all that has 
recently been done, it must not be forgotten that we have scarcely 
advanced beyond the threshold, and that it is only by numerous 
and frequently-repealed experiments that it is possible to an-ive 
at satisfactory results. Agricultural inquiries are liable to pecu- 
liar fallacies due to the perturbing influence of climate, season, 
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und monv other caases, the indiTidnal elfect of which can only \<o 
eliminated with difficulty ; and mnch error has been introduced h_r 
haatiiy g:eiieralisiog from single esperiments, in place of awaiting 
the results of replied trials. Hente it is that the progress of 
scientific agriculture must neceasaiily be slow and gradual, and is 
not likeW to be marked br any great or startling discoTeries, 
Now that the relations of science to practice arc better under- 
stood, the extraragant expectations at one time entertained have 
been ahandoned, and, as a necessary eonsefjnence, the interest in 
agricultural chemistry has ttgain increased; and the conviction 
daily gains ground, that no one who wishes to farm with success 
can afford to be without some knowledge of the scientific principles 

The subjects treated of ia the volume are the organic, prosi- 
mate, and inorganic constituents of plants ; the food of plants ; 
the dieinical and physical character of the soil, with its improve- 
ment; the principles of manoriog, and the various kinds of 
manures; the rotation of crops; and the feeding of farm stock. 
The fanners in Scotland are proverbially men of high intelligence, 
and of great practical acumen. They know well the advantages of 
scientific education, and it is hoped that they nill support the 
efforts which are now biing made by the Highland and Agricul- 
tural Society to carry out a proper curriculum of study, and an 
efRcient examisatioa for agricultural studeuts. It is important to 
be able to place in the hands of such stndents a condensed treatise 
like the present, drawn up by an able chemist, who is eminently 
qualified to give correct instruction in reference alike to scientific 
and practical agriculture. We highly recommend the work. It 
ought to be in the hands of every student of agriculture, as a 
safe guide to him in his lesearches. 



Flora Adenensis ; a Systematif^ Account, with Descriptions 
of Ike Floii-erhiff Plants hitherto found nt Aden. Bj 
Thomas Anderson, M.D., F.L.S., H.M. Bengal Medical 
Service. Published in the " Jowrnal of the Proceedings of 
the Linnean Society." Longman and Co. London, 1860. 

The author of this Flora was distinguished as a zealous student 
of botany at the University of Edinburgh, and he continued to 
prosecute the science when he entered the medical service in India. 
He has contributed valuable papers to the Indian journals ; amoi^ 
the rest a Flora of Lucknow. Since his return to Britain, he has 
been engaged in describing the Indian Acantliacete at Kew, and 
in publishing the Flora of Aden. He has now returned to India 
to occupy the position of superintendent of the Botanic Garden at 
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Calcntta. " Much atteation lias of lu.tc years been directed to 
the military station of Aden, owing to its rajiidly increasing ira- 
poTtanoe, both in a political and commercial point of view; and 
now that it is visited weekly by the large steamers in their 
course to India, China, and Australia, Its name has become as 
familiar as tbat of any of our Eastern settlements. From its com- 
manding position at the eatranco of the Bed Sco, and {rora its 
forming an indispensable link in the chain of communication 
with our Eastern Empire, the importance of the settlement will 
increase with the development of our Indian possessions, 

" Aden is a small rocky peninsula, in many features resembling 
our other stronghold, Gibraltar ; and is situated on the southern 
coast of Arabia, in IS" 47' N. Lat., and 45° KK E. Long. The 
maritime region called Tehama, of which it is a promontory, is 
a sandy barren tract from 20 to 100 miles in breadth, estending 
along the shore of the Ked Sea, from a point a little east of Aden 
the Gulf of Akaba. A mountainous region, of 4000 to 7000 feet in 
elevation, rises immediately beyond ; this, from its height, attracts 
a considerable portion of the moisture borne from the Indian 
Ocean by the north-west monsoon ; and thus, enjoying a climate 
favourable to the growth of luxuriant cereals and fruits, it has 
for ages been called the Happy Arabia. It forms a striking con- 
trast to the sterile Tehama, in the southern portion of which rain 
but rarely falls, while towards its northern extremity it is quite 
nnknowu. The few streams that enter from the mountains of 
Arabia Felix are speedily lost in its arid sands ; cultivation is 
therefore confined to the vicinity of the few towns and villages, 
and is dependent on a precarious supply of water from wells. 
The area of the Aden peninsula is about ^fteen miles, its greatest 
breadth being five miles, and its least three. It is connected with 
the Arabian coast by a narrow sandy isthmus, covered at high 
spring-tides ; but formerly it was probably an island, since the 
whole district is of recent origin, being evidently a raised sea- 
beach ; as is shown by the remains, twenty- three miles inland, of 
the ancient seaport of Mooza, formerly frequented by the Phoeni- 
cians. The peninsula is entirely composed of volcanic rocks of 
apparently great age, forming numerous precipitous peaks and 
narrow ridges, which on the southern and eastern sides rise from 
the sea in inaccessible cliffs, attaining their greatest elevation, 1775 
feet, in the peak 'Jil>eel Shumshum.' On the eastern aide, and 
towards the isthmus, is a considerable depression, the crater of 
the volcano, surrounded on nearly all aides by high walls of rock 
And cinder. From the serrated ridge Jibeel Shumshnm, nume- 
rous narrow valleys, shut in by precipices, radiate on all sides 
towards the sea, in which some end abruptly, while on the northern 
side others widen out into the limited sea-beach. 

The only patches of vegetation occur at the base of these 
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gorges, juBt above the eea-line ; anil the loose and tolerably fertile 
Boil accumalnted there consists of scoriae mixed with sand, and tbft 
detritus washed from the rocks above hy the torrents which msb 
down every ravine after the rare but heavy falls of r^n. Aloi^ 
the cliffs utter sterility reigns, except where a ledge of rock oi 
mass of cinder has allowed the accumulation of sufiiricnt earth 
afford sustenance to a few straggling bushes of Capparit galeata 
Adeuium obcsum. 

" In so low a latitude, the sun shines with intense force nearly 
throughout the year ; and at Aden the solar power is increased by 
every peculiarity of physical conformation and climate. The 
undisturbed Atmosphere stagnates in the walled-in valleys, whei " 
n deathlike stillness always reigns. The black and naked roci 
absorb by day the scorching rays transmitted through an eve( 
cloudless sky, only to radiate the penl>-up heat by night, thua 
confining to the shore the cool but feeble breezes tlmt occasionally 
spring up from the Indian Ocean, Accordingly, even in Deeen>- 
ber, when the sun's power is at its lowest, Dr Hooker found the 
temperature of the soil at 10?^ Fahr. a few feet below the surface.! 
In the hotter seasons of the year, the sun, even in the early morn- 
ing, is overpowering, and above the rocks the air flickers from th« 
intense heat, while all distant objects are distorted by an imperfect; 
mirage. Almost perpetual drought is of necessity the concomi- 
tant of such a climate as I have described ; and accordingly tht 
annual rainfall at Aden never exceeds sis or seven inches, thii 
scanty amount being spread over the period between October anC 
the end of April, while occasionally none falls for a year and i 
half. Still, Aden is not considered unhealthy, even to Europeans^i 
who seem to become soon accustomed to the heat; and ho great 
is our power of adaptation to circumstances, that after a rcsidenct 
of a year or two, the climate is spoken of as cool and plcasanl 
trom October to the end of March, and as bearable during thR^ 
remainder of the year. 

" The vegetation of Aden closely resembles that of Arabia I'etriea, 
of which it is evidently the southern extension. It is eminentiyi 
of a desert character, the species being few in number (only ninety- 
four), and being quite disproportioned to the number of genera and 
natural orders, even when the flora is compared with those of 
localities having similar areas and similar relations to the main- 
land. Most of the species ai-e limited in the number of individtialE,H 
a few only of the more arid forms predominating. Dipter^gvtaii 
fflaiteum, six or seven species of Capparidacte, Reseda amblyo- 
carpa, Cassia pubcscetis and obovata, Acacia ebumea, and tt tew' 
EvpkorbiaCMB, are the only common plants ; and some of ttlSlh 
are bo plentiful that in many places they abound to the exclusioa 
of all other plants. The other species are cither very local, o' 
sparingly scattered over the peninsula, 

" All the species are more or less peculiar in their habits ; and 
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are ao strange in their appearance as to constitute tlie ano- 
raaliea of the natural orders to which they belong, Aa examplea 
may he enumerated — Sp/iiBrocofna Houkeri among Caryophyllacea ; 
Adenivm. obeswm, with its almost globular fleshy trunk, naked 
branchleta bearing a tuft of leaves and an umbel of beautiful 
flowers ; Moringa aptera, in which the leaves are reduced to long 
Bubrigid raches; the prickly Jatroyha tpinosa, and, strangest of 
ail, the -Mlwropibs arabicus, a grass with short spinj leaves, so 
sharp that it was with the greatest difficulty I conld procure 
specimens of it. The bright green colour, which forms so pleasing 
a feature of the vegetation of the temperate and moist tropical 
regions of the globe, is quite unknown at Aden, Here foliage is 
reduced to a minimum, and the sui«;rfluoua moisture given off by 
leaves in less arid climates is stored up in fleshy stems against 
seasons of long-continued drought. With the exception of some 
Capparidacere and Reseda amhli/ocarpa, all the plants have either 
glaucous whitened stems and leaves, or are completely covered 
with a hoary pubescence. 

" Aridity, while reducing the amount of cellular tissue, has also 
favoured the production of spines ; and though in many cases the 
development has not attained actual spiuosity, still the rigid or 
distorted branches, and asperities of stem and leaf, bear witness to 
the modifying influence of the climate. Of the ninety-four species 
that constitute the flora, sixteen bear sharp thorns on some part 
of their structure. In some the leaves terminate in sharp, 
recurved hooks ; in others the stipules are spinous ; in a few the 
bracts are prickly ; and in L^ditm Europmarn, and Euphorbia 
euneata, the short, stiff branches are terminntod by short thorns. 
Several species yield gums or resinous matter, and their stems 
frequently become encrusted by these exudations, probably caused 
by the bark cracking from exposure to the great heat of the sun. 
I have observed resinous substances accumulated in various quan- 
tities oa Salsamodendron opobalsamum, Acacia Edi/euiortlUi,Aden- 
jum obesum, and the shrubby Ewpkorbue. All the Capparidaeea 
(with the exception of Misnta Thomsont), Dipterygium glavewn, 
Seseda amblyocarpa, the Compositte, and a few others, are charac- 
terised by more or less pungency or aromatic odour, qualities 
always possessed by plants of desert regions. 

" Of the ninety-four species composing the florula, fourteen, or 
ft little less than a sixth, are endemic, and one constitutes a new 
genus confined to Aden. They are oa follows : — 
Oleome paradoxa, R. Br. Acacia Edgetfortlni, T. Anders. 

pruinoia, T. Anders. Ftycho'.is AraUca, T, Anders, 

Xtema Thomsoni, T. Anders. Convolvulnt »ericophyllttt,T. Audera. 
8ph<srocoma Hookeri,T . Anders. Anarrhinampedi<:eltaliiin,T.AjidBta. 
BSnsiu* WeUhii, T. Anders, Campijlanthttt jutuieni, Edgew. 
Sterculia arabica, T. Anders, Lavandula setifera, T, Anders. 
Tavcrnieria glawca, Edgew, Euphorbia »yttyla, Edgew. 
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The reniaiuiiig ciglily species have an extensive geographic^ dls- 
tt ibution, fourteen occurring over all tlie barren part of the g!obe." 

The work is executed with great ability. The character of the 
genera and species are well given, and the eynonynies are worked 
out most carefully. It reHects the higiiest creilit on Dr Anderson, 
and stamps him as one of the rising Iwtanists of the age. 



Flora of Cambridgeshire ; or a Catalogue of Plants found 
in the Counts/ of Cambridge, with references to former 
Catalogues, and the Localiliea of the rarer Species, ^y 
Chakles Oardale Babikgton, M.A., F.K.S., FX-S. 

John Van Voorst, London 1860. 12mo, pp. 327. 

No one has done more than Mr Bahington to advance tlie 
study of British plants. His "Manual of British Botany" has 
long been a standard work, and is the most compendious field- 
book far the botanical student. Tlie present volume contains a 
list of the plants of Cambridgeshire, with a description of the 
topographical peculiarities of the county, and a tabular view of 
the geographical distribution of species. The list contains about 
960 flowering plants and ferns. A map is added, showing the 
different botanical districts into which the county may be con- 
veniently divided. Bay published a list of Cambridgeshire plants 
about 200 years ago, and his work was succeeded by " Belhan'a 
Flora Contabrigiensis," the last edition of which appeared about 
40 years ago. There was great need, therefore, of a new list 
brought up to the state of science at the present day. This has 
been most ably accomplished by Mr Babington. His valuable 
local Flora ought to be in the hands of every one who desires to 
know the plants of Cambridgeshire. 

" The county of Cambridge is about 50 miles in length Irom 
north to south, and its greatest breadth is 26 miles. Itis said to 
contain nearly 660,000 acres. It lies wholly between the 52d and 
and 53d parallels of latitude, and the town of Cambridge is situ- 
ate jive miles to the east of the meridian of Greenwich. We learn 
from the observations of the Rev. L. Jenyns, that the mean tem- 
perature of the seasons is — Spring, 47''18Fahr.; Summer, 60''-87; 
Autumn, 40"-86; and Winter, SB^Oa. The mean annual range 
of the barometer is 1*890 inches. The mean fall of rain is about 
22-5 incbes. Deep drifting snow is not common, so that the roads 
are seldom obstructed by it. The prevalent winds are from the 
south-west and north-west ; but cold north-easterly winds are 
very common in April and May, The highest part of the county 
is 378 feet above the level of the sea." There arc three marked 
ilivisions of the county^ — ^the Chalk, the Clay, and the Fens, which 
are each characterised by their flora. An appendix to the work 
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contiiiDs reiiiarka on certain obscure Bpeciea, o list of |ilanla founi! 
on the Fens, a Hat of lost plunts, and notes on the geograjihical 
range of the plants. 



Flora of Suffolk ; a Catalogue of the Plants (indigenous or 
naturalised) found in a IVild State in the County of Suffolk. 
By the Eev. J. S. Henhlow, M.A., Professor of Botany, 
Rector of Hitcham ; and Edmund Skeppkr, Bury St 
Edmunds. Simpkin & Marshal], London, 1860. 12[uo, 
pp. 140. 

This useful catalogue has been compiled from lists and notes 
furuislied by various persons who have examined the botany of 
different parts of Suffolk. We are informed that Mr Skcpper 
iias the entire merit of having reduced these materials to order, 
and of having seen them through the press, while Proftsaor Ilena- 
low'a part in the work has been that of a eonsnlting, but other- 
wise sleeping partner. The reverend Professor has for many 
years examined the botany of Suffolk, and he has been instru- 
mental in leading others to follow his example. His efforts m 
tliia respect among the young of his parish have been long known. 
The botanical and horticultural lessons given at Hitcham liave 
done much to improve the intellectual and moral character of the 
population, and to train their observing powers — leading thorn 
from nature up to nature's God. 

The Professor remarks, " Having had some years' experience 
of the advantage of introducing botany as an educational weapon 
in a humble village school, I can strongly recommend it to all 
who are interested in raising the intellectual status of our vill^e 
children. Whoever may be desirous of seeing the plan we have 
t adopted at Hitcham, will find the children at their botanical exer- 
cises every Monday at three o'clock. I have gradually accumu- 
lated sundry memoranda, which I hope to find leisure before 
long to throw into shape, that others may be saved the mistakes 
I have made, and profit by the experience 1 have acquired.'' The 
catalogue embraces both the flowering and the flowerless plants of 
the county ; the former being arranged according to Bentham'a 
"Handbook of the British Flora." The numlier of flowering 
plants and ferns noticed is about 980. 



Notices of recent Botanical Works. 

Among botanical works recently published, or in the course of 
publication, we may notice the various colonial Floras ; these have 
been undertaken by botanist-s of the highest eminence. They are 
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most valuable contribudons to science, more especially to bo- 
tanical geograpby. To ihe 0i>loiiie3 auch works are of great im- 
portance, Dot merely by adding to the knowledge of tbeir floral 
proiluctions, but also by communicating information relative to 
medicinal and economical plants. In the Flora Capengit, by 
Professor Ilarrev and Dr Sonder, we have the commencement of 
a systematic description of the plants of Cape Colony, Caffraria, 
and Port Natal ; while, is Harvey'a TTitsauras Captnsi*, there 
lire figures and brief descriptions of South African plants, selected 
from the Dublin University Herbarium. Thwaites, the talented 
superintendent of the Botanic Garden at Peradenia, is publishing 
an Enumeratio Plantarum Zeylanim, or enumeration of Ceylon 
plants, with descriptions of the new and little known genera and 
species, and observations on tlieir Iiabitats, uses, and native names. 
I n this work he is assisted by Dr Hooker, We wish mucli that the 
excellent Flora Indiea undertaken by Hooter and Thomson could 
!« completed. The materials are ready, and it only wants the 
patronage of Government to secure its publication, which would 
1h! a great boon to India. Now that the Colonial Office and 
Colonial Legislatures are aiding in the Floras of our colonies, we 
iriay surely entertain a hope that the vegetable productions of our 
Indian possessions will not be neglected. The Fhra of tka Br't- 
tith West India Inlands has been undertaken by Dr A. H. R. 
Grisebach, Professor of Botany in the University of Gottingen ; 
.'ind the Flora Hong-kongensia, a. description of the floweidsg 
plants and ferns of the island of Hong-Kong, has just been com- 
pleted by Mr Bentham, This little island, situated at the mouth 
of the Canton river, possesses a singularly rich and varied flora. 
The island is a rugged mountain ridge, running from east to west, 
having peaks which attain the height of 1700 to 1800 feet. 

The Australian Flora is being illustrated by Dr Ferdinand 
Mueller, the able and indefatigable superintendent of the Mel- • 
bourne Botanic Garden, One of his works is entitled Fragmenta 
PhytoijraphuB Awitralitc ; another is An Account of the Plants iu- 
iliijenout to this Colony of Victoria, with illustrations. The 
Floras of the Antarctic Islands, of Tasmania, and of New Zea- 
land, have already been given to the world in the splendid works 
of Dr Hooker. 

While the Botany of the Northern United Statea has been pub- 
lished by Professor Asa Grey, that of the Southern United States 
lias been recently drawn up by Dr A. W. Chapman, who has de- 
scribed the flowering plants and ferns of Tennessee, North and 
South Carolina, Georgia, Alabama, Mississippi, and Florida, 

The successful establishment of a Botanical Society in Kingston, 
Canada, will, it is hoped, lead to the publication of a Canadiui 
Flora by Dr G. Lawson, Professor of Natural History in the 
University of Kingston. 
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Monday, ITtk December 1860— Pro fes son KELLAND, 
Vice-President, in the Chair. 

The following Communications were read : — 

1. ContrihutioDS to the Natural History of Volcanic Phe- 
nomena and Products in Iceland. By W. Lauder Lind- 
say, M.D., F.L.S. Communicated by Professor Balfour. 

(See Philosophical Journal for January 1861, p, 6.) 

2. On the Pediculi infesting the Different Eacea of Man. 

By Andrew Murray. 

The ohject of this paper was to determine whether the pediculi 
infesting the different raooB of man were of the aamo or of distinct 
species, and thereby to ascei'Lain whether any inference could ba 
drawn therefrom, bearing upon the disputed question of the unity of 
the human species. 

The author had obtained specimens of pediculi taken from sixteen 
or eighteen different races of luantind, and had discovered certain 
minute differences which appeared to be constant in the different 
races. These differences, however, did not appear bo different in 
particulars, or marked in degree, as to justify their being considered 
different species. 



Monday, 7th January 1861,— Professor CHEISTISON, 
V.P., in the Chair. 

The following Communications were read : — 

1. Note onHydratcd Sulphuric Acid. By Dr Lyon 
Playfair, C.B. 

It is well known that hydrated sulphuric acid loses sulphuric 
anhydrid on hcnting, and that its specific gravity decreases in con- 
sequence. It is of some practical importance to know the exact 
cii'cumatancos under which this takes place, and the following ex- 
periments ma; prove useful in this respect. Sometimes, in distilling 
and subsequently evaporating sulphuric acid, I obtained a hydrate 
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of sp. gr. 1-848, aad at other times not exceeding l'8'i2. To ex- 
plain those differences I took — 

1. Mono h;d rated sulphuric acid, Laving the sp.gr. 1 '848, and 
containing by aka metrical testing 8r62 per cent, of anhydrous 
acid, and buried the retort containing it in hot sand, and distilled. 
The distillate now contained only 80-12 anhydrous acid, and had a 
sp. gr. of 1-840 at 60° Fahr. It had bat in distillation about 1^ 
per cent, of anhydrjd. 

2. The weak acid thus got by distillation was exposed to a tem- 
perature near to, but not exceeding, 554" Fahr,, for forty minutes. 
On cooling, its alcatnotrical strength was 81-615 of anhydrid, and 
its specific gravity 1*84798. 

3. A portion of the first acid, having the strength 81-62 of an- 
hydrid, and the specific gravity 1-848, was boiled violently for two 
hours. On testing, it was now found to contain only 80'0I of an- 
hydrid and to have a specific gravity of 1'838. 

4. The weak acid got in the laijt experiment was kept foi* one 
hour at a temperature of 550° Fabr. The concentrated acid thus 
got gave 81*62 anhydrid and a specific gravity of 1 84792. 

From these esperiments, it follows, notwithstanding Marignac'a 
researches, that there ia a real monohydrated sulphuric acid obtain- 
able by evaporation, and that its specific gravity is in reality as 
high as 1-848, which is the number formerly given in books; but 
that this hydrate is deconipoEcd between the temperature of 550° 
Fahr, and the boiling point of oil of vitriol. 



2. Note respecting Ampere's Experiment for showiDg tbe 
Repulsion of a Rectilinear Electrical Current on itaelf. By 
Principal Forbes, LL.D., &c. 

The esperimont referrod to was performed in 1823 by Ampere 
in the presence of Mr A. De la Uive. It ia intended to show that 
if one portion of a rectilinear conductor is made moveable, it will be 
repelled from the portions which form its continuation. The ar- 
rangement employed was a copper wire-float in a double trough oF 
mercury, which cannot easily be explained without a figure. 

This experiment, though quoted by most writers on electricity, is 
understood to be one not easily repented. Indeed, tbe author has 
not found an indication of its ever having been repeated with suc- 
cess. The author conceiving that perhaps this repulsion described 
by Ampere might assist in explaining the vibrations of rocking 
bodies through which an electrical current passes (as described in a , 
communication by him to this Society in January 1859), devised 
another, and, as he conceives, a more delicate method of testing the 
supposed repulsion of a rectilinear current on itself. This lie ae- 
complisbed bj connecting the two poles of a battery by means of 
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a piece of copper-wire shaped like a horse-shoe, and laid upon one 
extremity of a slender wooden lever suaponded by a fine platinum 
wire, after the manner of a torsion balance. Yet, on the establish- 
ment of the circuit through the bent wire, bo far was there from 
being any repulsive force tending to separate the torsion rod from 
the battery polea, that the connecting horse-shoe was sensibly and 
even powerfully attracted to the poles, both while the current 
lasted, and for some time after, 

Thia experiment seems to throw a doubt upon Ampere's con- 
clusion. The author believes that his mode of experimenting is not 
only much more delicate than that of Ampere, but also that it 
avoids sources of ambiguity present in the other, 

3. Fragmeatary Notes on the Generative Organs of some Car- 
tilaginous Fishes. By John Davy, M,D., r.R.S. Lond. 
and Edin., &c. 

These notes, it is stated by the author, were made at difTerent 
times and places, as opportunity favoured, and are oifored as a con- 
tribution to a difficult branch of Ichthyology. 

The generative organs of nine different species are described, with 
more or less minuteness of detail. The species are Sqialm squa- 
tina, S. galeus, S. acantkiae, S. careharias, S. eentrina, S. eani- 
cula, Seytlium melanostomum, Rata aquila, and It, oxyrhynchus. 

From the observsttons made, these species would appear to differ in 
some essential points as regards the reproductive process; some, as the 
S. aquatina, being viviparous, — their ova developed or hatched in the 
uterine cavity ; others, as S. aeanthias and S. carchaHas, being ovi- 
porous, their ova included in a shell with a white, yet developed in 
the same cavity, the presence of a shell constituting the difference 
comparing them with the preceding ; others, as M. aquila, and S. 
eanicula, being oviparous, their eggs experiencing no embryonic 
development in the oviducts, and hatched after exclusion in the sea. 

Bespecting the anal appendages, the characteristic of the male 
cartilaginous fish, the opinion the author is most inclined to adopt is, 
that they are not claspers, but rather organs of intromission ; prefer- 
ring this latter — the old view of their use, as noticed by Aristotle 
— to the former, which is the more recently entertained one, from 
considering their structure and certain facte which have come to his 
knowledge. 

Concerning the branchial filaments, which have commonly been 
held to be mainly subservient to the supplying with air the blood 
of the embryo, he thinks they may have another use also, that of 
aiding the growth of the parts to which they belong. Their early 
absorption, and being sometimes found in other regions of the em- 
bryo than the hranchia, are brought forward as circumstances favour- 
able to this idea. 
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Monday, 21e( J'lnnari/ 18GI .—The Very Reverend D] 
RAMSAY, V.P., in the Chair. 

The fullowing Communications were read: — 

I. On a Method of taking Vapour Densities at Low Tempera- 
tures. By Dr Lyon Playfair, C.B.. F.R.S., and J. A. 
Wauklyn, F.R.S-E. 

The authors refer to Regnault'a experiDients, which hare shown 
that aqueous vapour in the atmosphere has the eamc vapour density 
at ordinary temperatures aa aqueous vapour above 100° C; and 
they bring forward fresh esperiraents upon alcohol and ether to show 
that when mixed with hydrogen these vapors preserve their normal 
density at 20" or 30° C. below the boiling points of the liquids, and 
infer generally that vapours, when partially saturating a permanent 
gas, retain their normal densities at low temperatures. 

From their researches the aulhors deduce the consequence — re- 
markable, but quite in liarmony with theory, that permanent gases 
have the property of rendering vapour truly gaseous. Stated in 
more precise terms, the proposition maintained by the authors is, 
" The presence of a permanent gas affects a vapour, so that its expan- 
sion- coel&cient at temperatures near its point of liquefaction tends to 
approximate to its expansion-coefficient at the highest temperatures." 
The authors anticipate that admixture with a permanent gas 
may serve as a kind of re-agent to distinguii^h between eases of 
unusually high ex pans ion -coefficient in a vapour, and cases where 
chemical alteration takes place. It will also be possible, by the 
employment of a permanent gas, to obtain vapour -densities of com- 
pounds which will not bear boiling without undergoing decomposition. 
In experimenting upon substances which may be heated above 
the boding point, the auth-jrs employ Gay Lusaac's process for 
taking the specihc gravity of vapours. A slight modification is, how- 
ever, necessary. Previous to the introduction of the bulb contain- 
ing the weighed substance, dry hydrogen is introduced into the 
graduated tube and measured with all the precautions belonging to 
a gas analysis. It will be obvious that in the subsequent calculation 
the volume of hydrogen corrected at standard temperature and pres- 
sure must be subtracted from the volume of mixed gas and vapour, 
also corrected at standard temperature and pressure. 

When the substance will not bear heating to its boiling point, the 
authors employ a process resembling that of Dumas in principle, 
but differing very widely from it in detail. Dumas' flask with 
drawn-out neck is replaced by two bulbs, together of about 300 cub- 
cent, capacity, joined by a neck, and terminating on either side in a 
narrow tube. One of the narrow tubes has some very small dilata- 
tions blown upon it (6), the other is merely bent (D). (See the 
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drawing.) The apparatus, whose weight ahoulJ not esceed 70grm., 
ia weigiied in dry air, then placed in a bath, being secured by a 
retort-holder grasping the neck joining the large bulbs C and C. 
The end A, projecting orer the one side of the bath, is made to 
communicate with a hydrogen apparatus ; the end D passes through 
a hole in the opposite side of the bath, which is plugged up water- 
tight hy means of putty. Dry hydrogen is transmitted through 
the whole armngement, and escapes at D through a long narrow 
tube joined to it by a caoutchouc connecter. 



i 



The bath is next filled with warm water until the bends a and a 
are covered. The connection with the hjdrogoii apparatus is then for 
a moment interrupted, to allow of the introduction of a small quantity 
of the substance at A. The substance, which should not more than 
half-till the f^mall bulb li, is partially vaporised in the stream of hydro- 
gen, and in that state passes into the part CC. All the while, the 
temperature of the bath is Itept uniform throughout by constant 
stirring, and made to rise very slowly. When within a few degrees 
of the temperature at which the deteiniination is to be made, the 
current of hydi'ogen is almost stopped, so that the bulbs C and C 
may contain less vapour than will fully saturate the gas at the tem- 
perature of sealing. The water of the bath is then made to sub- 
aide, by opening a large tap placed near the bottom. The bends a 
and a are thus espoaed, the bulbs CC remaining covered. Imme- 
diately the current of hjdrogen having been stopped, the flame is 
applied at aa, so as to seal tlie apparatus hermetically. The tem- 
perature of the bath, as well as the height of the barometer, must 
now be observed, After being cleaned, the apparatus (which now 
consists of three portions, viz,, the portion CC hermetically sealed 
and the two ends b and D) must be weighed. 

The capacity of the apparatus is found by filling it completely 
with water and weighing ; but previously to this operation the volume 
of hydrogen enclosed at the time of sealing nmst be found. On 
breaking one estremity under water, the water will rise in the bulbs, 
and, after a while, will have absorbed all of the vapour, but will leave 
the hydrogen. The bulbs must then be lifted out of the water, 
without altering their temperature, and, with the water that has 
entered, weighed. The difference between the latter weighing and 
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the weight oF the bulbs quite full of water gives the weight in 
grammes, which expresses in cubic centimeters the volume of hydro- 
gen enclosed ; the pressure is tlie height of the barometer minns 
the column of water which had entered the bulbs ; the temperature 
is that of the water. 

An example of a determination of the vapour density of alcohol at 
30° G. below its boiling point is subjoined : — 

Height of tbe barometer (at 0° C), . 763'09 m.m. 

Tcmperatme of tbe balance case, . . 7'5° C. 

Weight of apparatus in dry tur, . 69959 grm. 

Temperature at time of sealing, . . 48" C. 

Weight of apparatus + hydrogen + vaponr, 69*5275 grm. 

Weight of apparatus -h water (at 5.2' C.) 191'7G gnn. 

Weight of apparatus filled with water, . 51536 grm. 

Height of water column, . . . 12S m.m. 
From which is deduced : — 

Vol am^a corrected 
Bt 0° C. and 760 m.m. presaure. 

Hydrogen + Fapour, 406'*3 weighing 0,1695 

Hydrogen, 341-27 ., 0-0306 



65-16 
;. of alcohol vapour weigl 



o-i; 



Vapour density of alcohol = 



■1389 grm. 
weigh '0843 gnn. 

= :13S?=1648 

■0843 

The authors have extended their experiments to acetic acid and 
other substances. At low temperatures the vapour-density of 
acetic acid approximates to 4-00, no matter how much hydrogen be 
employed. At higher temperatures, an approximation to 200 is 
obtained, but without heating so high as Cahours found necessary. 

The authors are continuing these researches. 

2. Memoir of Sir Thomas Makdougall Brisbane. By Alex- 
ander Bryson. 



Monday 4th February 1861 — Principal FORBES, V.P., 
in the Chair. 

The following Communications were read : — 

1. Notes on the Snow Cryatals observed during the late Frost, 
By Professor Aliman. 



On the 26th of December last, about half-past 1 1 
now shower fell in Edinbui^h, and lasted about half a 



.u., a light I 
hour. The | 



r 



I 
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at [he time atill and the sky overcast with a thin haze, 
while the thermometer stood at many degrees bolow the freezing 
point. The appearance of the ehow was very remarkable It felt 
in loose open flakes and lay upon the turrourding objects in httle 
masBea like tufts of exquisitely white, soft and light down 

Bemembering the descriptions of the ciystals of snow in high 
arctic regions and during intense frost even in qui own latitudes, 
as given by Scoresby, GWisher and other't, I was dtairons of deter- 
mining how fai the structure of the snow now falling corresponded 
with the accounts of these observeis I accordinglv, with the view 
of rendonhg their composition more apjif'fent bj contrast wit^ a dark 
surface, collecteij a few of the falling fl ik & i pu i a 'ih et of hlatlfined 
pasteboarij, when, even to the unissi t 1 ci i t i t n of niaivel 
bus beaStj was at once rp^calcl Tl \\ i 1 i lil e snow Sake 
was now seen to he an aggiPgitt r*-;!! i ti I ml tiin^paieiit ice 
stars, many of them more than a q ait i t -i i in 1 n diameter 
When examined undur the compound 1 1 iq= \ tl ilie did of a 
two-inch object glass their btauty 1 inip still turtl cr enhanced 
and it was then seen that every tAsx '»as ttsf-lt ctliltposcd of a multi 
tado of tnnsparent crystals m some Oib^b futMir, in some aOi6ular 
and all grouped in obedience to a definite liw go as m their wonder 
' ful assembtages to give nse to shipes of esqinsite aymmetiy, — shapes, 
'^too, of almost infinite vai iot\ , tlit. kalcidoscojte, in its magical trans 
fcrmationfi is not more rich in forms — yet ill jcrvadcd by in un- 
broken unitj, for their type Iiad been already a^ed ^nd even m 
"their most sportive mood they couH be s^en to be under the con 
trol of a definite number ami \ lefinrte miantity — the number 6 and 
thLeangleofeCdetermming their fofnl aiii limiting their vaiiations 
; -Among the various Ggurp!, whitfa lobseWta On (he occasion referred 
id, we may perhaps select, as the areh^pal combination, a 6-rayed 
star (fig. 1), having for its centre or ntcleas a tabulai crystal in 
the form of a legular hexagon, each of whose angles supports one ot 
the six rays ol the star Laoh ol these rays would seem to be a very 
much elongated hexagonal priam and eier^ one of them gives off 
from each side, and in the common plane of the figure secondary 
arms, which spring trom it Kith a pinnate arrangement and at an 
angle of 60° These secondary arms in the figure under considera 
tion are also elongated hexagonal prisms, in the greater number of 
instances, however (figs 2-5) the secondary arms are wedge shaped, 
and probably the result of more complex conditions than those under 
which the type form is produced. The axis of symmetry of each of 
these wedge-shaped arms is inclined to the ray at an angle of 60°, 
but I cannot say at what angle the sides of the arms are inclined 
to one another. The central hexagon in the figure, from which 
the sketch was taken, was marked with elegant concentric strise. 

It is here worth noting, that the figure I have assumed as the 
type consists exclusively (if we except the termination of the arms) 
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of a combination of the two limiting forms of the Rhombohedronm R; 
namely, tbat id which m becomes practically 0, and that in which 
it becomes infinite, producing in the former case the tabular crystftl 
OB, which constitutes the centre of the figure, and in the latter 
case the prismatic crystals cc R, which constitute the rays and their 
branches. 

Assuming then the form now described as the type, there woold 
1 to be but little difficulty in deducing from it most of the 
peculiarities presented by the other figures which I have hail 



1 




opportunity of observing. In Bg. 2, the central hexagon has dis- 
appoarod, and the raya meet at a point in the centre of the star. 

In fig. 3, a tabular hexagonal crystal is developed diagonally in 
the course of each ray at a uniform distance from the centre, and in 
the common plane of the star. 

Fig. 4 is easily derived from fig. 3 ; for in order to produce it, 
we have only to suppose aU the six hex^ons to be simultaneously 
prolonged in the direction of the ray, until they meet in the centre 
of the figure, when, in consequence of mutual and symmetrical 
interference, they will terminate in an angle of 60°, or of half the 
proper angle of the hexagon, thus forming miedes whose plane of 
union IS inclined to the principal axis of the ray at an anelo 
of 30°. J 6 

In fig. 5 we have a central hexagon, carrying symmetrically on 
each of its angles a wedge-shaped (ive-sided table, which thus takes 
the place of the acicular ray in fig. 1, "' 



me, wmcn inus Lases 
:e of the sides of this 
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table appear to be ihose of the regular hexagon, while the remaining 
two sides would, if continued, meet at an angle which I have not 
been able to measure, somewhere within the central hexagon. From 
each of the free angles of the wedge-shaped raj, a little hexagonal 
priani is developed. 

The eimply pinnate rayH of fig, 2 ocoaaionally become doubly 
pinnate. I have found even trebly pinnate varieties. 

I also noticed a form (fig. 6) which is not exactly traceable to the 

ti/pe, and which I am inclined to view rather as an abnormal condition 

inducod upon one of the other forms by the coalescence, or imperfect 

development, of the secondary arms. It consisted of a six-rayed 

' star, in which the rays, instead of being prismatic or wedge-shaped, 

k were lanceolate, the curved boundaries thus bringing this modifica- 

f tion almost entirely into the type of oi^anic form. The edges of 

the rays were marked with pinnate serrations or strise. 

In this last form we are strongly reminded of the beautiful stel- 
late Bgures, like six-petalled flowers, which have been recently 
■ described by Professor Tyn<lal as being developed within a block 
t, when the rays of the sun are concentrated on a point in 
the interior of it by a burning lens. 

Besides tlio forms now described, the snow which fell on the 26th 
CHHitained many others, any one of which would well repay the trouble 
of drawing, though no figure can give an adequate idea of the ele- 
gance of the actual object, in which the roost beautifully symmetrical 
flowers, and elaborately divided fern leaves, are repeated with that 
marvellous fidelity with which inorganic nature occasionally imitates 
the forms of organisation when the formativo forces are directed by 
m undeviating symmetry. 

But the oi'dioary snow of our latitude is not thus constituted. 
We may seek in vain in the snow as it usually falls with us for the 
beautiful stellate cr^'stollino groups now described. Why is this ? 
There are doubtlesa needed, for the perfect development of the ice 
crystals in the freezing cloud which is about to descend in the form 
of snow, several conditions, as yet but partially understood. Of 
these, it is posssible that a temperature considerably below the 
freezing point may be one, and a stillness in the higher regions of 
the atmosphere, where the snow is formed, another. It is exceed- 
ingly probable, as has been ingeniously suggested by Fr. Vogel,* iu 
explanation of the phenomena of hail, that if the atmosphere he 
perfectly still, the particles of visible vapour constituting the cloud 
may be cooled far below the freezing point without freeiing ; and if 
in this state a crystal of ice be precipitated into the cloud from some 
higher elevation, or the stratum of cold vapour be agitated by 
sudden exposure to some atmospheric current, the balance between 
the forces of cohesion and adhesion will be destroyed, and the whole 

liiller's Rosmiichc Fh}'slk, p. 421. 
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cloud will instantly shoot into beautiful ice-orystals, and will Tall 
towards the earth as Btellate snow ; for the peculiar constitDtion of 
the visible vapour is such, that unimpeded action will be permitted to 
the forces of crystallisation, and no mechanical obstacle will bo offered 
to the perfectly Bymmetrical development of the crystalline groups. 
If the temporature of the inferior strata of the atmosphere be 
sufficiently low, the anow-cryatals will reach the earth unaltered ; 
but if, in their descent, they happen to pass through strata whose 
temperature is above the freezing point, they will — if they be not 
actually converted into rain — lose the sharpness and beauty of their 
outline, while partial thawing, followed, at the surfaces of contact, 
by the singular phenomenon of regelation, which, as has been shown 
by Faraday, may take place in an attnospbei'e considerably above 
the freezing point, vriU probably contribute to their irregular con- 
glomeration into an ordinary snow-flake, contrasting as this does 
so strongly with the light, open, down-like flake produced under 
circumstances favourable to the perfect development and persistence 
of the crystals. 

On the 27th, the snow which had fallen during the preceding 
day was still lying on the ground, and, with the view of continuing 
my observations, I again placed some of it under the microscope. 
I now, however, found that the crystals bad lost all their beauty, 
and no longer presented the sharpness of outline and symmetry of 
form which had so forcibly struck tne the day before. And yet, 
during the interval, the thermometer had never risen to the freezing 
point, nor had the snow been exposed to the direct action of the sun. 
The change of form thus undergone by the cijstals appears to me to 
admit of but one explanation, and is evidently due to the partial 
dissipation of the crystal by evaporation, thus affording an interests 
ing example of the evaporability of ice at temperatures considerably 
below the freezing point. 

While on this subject, I may as well mention another fact illus- 
trative of the same phenomenon. 

It will bo remembered that on more than one occasion during the 
severe i'roBt a dense fog settled over the city, and was afterwards 
condensed and frozen on the surrounding objects, covering overything 
on which it lay, but especially the naked branches of the trees, with 
the most exquisite frostwork. This beautiful phenomenon, however, 
was but of short dur.ition ; for in less than twenty-four hours, though 
the temperature continued all the while below the freezing point, and 
the air free from wind, which might have shaken the frozen particles 
from the trees, yet not a trace of the frostwork remained. 

To form, then, a true conception of the constitution of a. snow- 
flake produced under tho conditions which prevailed during the late 
intense frost, we have only to imagine thousands of stellate groups, 
such as those just described, entangled together by their complex 
arms into little loose docculent masses. Thepeculiar light dowu-Iike 
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character of the snow which fell on the 26th of Doccmbev is tliua 
easily ui)derstoD<1. 

On the 7th of January, between 4 and 5 p.m., the sky over- 
oast, and the theniiometer standing considerably below the freezing 
point, Edinbui^h was visited by another snow shower. On this Oc- 
eanian the shower was of a very peculiar kind, for the stellate groups 
of crystals, instead of being aggregated into Hnkes, as in the shower 
of tho 26th December, were for the most part isolated and distinct, 
BO that the whole atmosphere was tilled with separate ico-stars in iii- 
ooaceivftlile multitudes, whirling through the air, and drifting past 
one another in mazy paths which no eye could follow, so endless 
were their intei'seutioua, and inextricable (heir labyrinths ; the won- 
derful ice-di'ift heaping itself up like white sand on the surrounding 
objects, but when projected agaiiiat dark surfaces, revealing itself in 
all the unrivalled symmetry and beauty of its starry atoms. The 
chief difference between the present snow shower and that which fell 
on the 26th December, consisted in the segregation of its crystalline 
particles. There was a brisk breeze stirring at the time, in the lower 
regions of the atmosphere, and this was doubtless the invisible analyst 
that broke up the snow-flakes into their component elements, and 
flung ihem in stars and flowers to ihe earth. 



Tho following Note from Mr Stephens to Dr Balfour was also 

KeDBBAE CuTTiQE, \itk Januari/ 1S61, 

My dbae Sir, — In December 1859, I was visiting Sir Robert 
Peel at Di-ayton Manor, in Staifordahire ; and while there, a very 
heavy hoar-frost occurred for nearly two days, — every tree and shrub 
I and the grass was fringed with most beautiful silver filagree. When 
walking along the shrubbery in tho forenoon, I waa led, from the 
remarkable esuberanoe of the hoar-frost, to examine it more minutely 
than by A casual glance; and to my surprise and delight, I peri^eived 
that the crystals presented quite a different arrangement ondifFerejit 
bushes of evergreens. This there was no doubt gf, as I could cahily 
discern the difference in the arrangement of the crystals by the help 
if a large magnifying glass which I always carry with mo when I go 
from home. I regret I did not take a sketch of the different arrange- 
ment of the crystals ; but not being prepared for such a proceeding, 

i boing no hand at skttching, 1 contented myself with looking 
from one bush to another. And while thus engaged fur some lime, 
I thought I made an interesting discovery — namely, that while dif- 
"sront bushes presented a different form of crystallisation, the same 
sort of bosh presented the same form of crystals. This discovery 

ei'osted nie very much — for discovery I deemed it, not having ob- 
served any mention of such a thing in any book on meteorology 1 
liavo seen. Thus, Portugal laurels, laurel bays, laurustinas, differtnt 
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sorts of Arbor-vitte, tlie yew, some of the now pines, presented dif- 
ferent forms of cryBtals, but tlie same kind of plant had the same 
form of crystal. This I made sure of by repeated obserration in 
diRerent parts of the shrubbery ; and more than that, the size of 
the crystals was about in proportion to the siie of the leaves of the 
evergreens. Thus, (he crjKtals in the Portugal laurel, laurel bays, 
and lai'ger leaved kinds of evergroens, were larger than on the leaves 
of the laurustina, and these latter larger than in those of the yew 
and Arbor-vilce. The crystils, moreover, were not spread over the 
surface of the leaves, but only along tbeir margins ; and the Itavts 
above, that were exposed fully to the air, had iho crystals — those 
within the bush, or under shelter of the leaves above them, were free 
of all hoar-frost. I may mention that the sun was obscured iha 
first day by a fi-ost-fog ; the second day was clear, but the crystals 
retained their form where the sun did not strike ; and on the follow- 
ing morning, the whole fairy scene had disappeared. Tall grasses 
and sedges by the side of a lake presented dilKirent crystals, but the 
same kind of plant siniijar forms. The naked branches of trees 

presented similar results 

I am, &c., 

Hbkrt Siepheks, 

2. The Bifilar Magnetometer: its Errors and Corrections, 
By John Allan Broun, F.R S., Director of the Trevandrum 

Observatory. Communicated by Profeeaor Tait, 

3. On the Horizontal Force of the Earth's Magnetism. By 
John Allan Broun, F.R.S., Director of the Observatory of 
the Rajah of Travancore. Communicated by Piofeasor Tait. 
The conclusions of this paper are deiived from observations made 

at Makerstoun in Scotland [ Toronto, Canada ; Trevandrum, Travan- 
core, and Singapore, East Indies ; St Helena, the Capo of Good 
Hope, Hobartoii, Van Dleman's Island, &c. The author has cor- 
i-ected and discussed all tbe obsorvatioiis published made in the 
colonial observatories. 

The observations have been found affected by different errors, and 
frequently the series have been broken. An attempt has been 
made to correct these series ; and, in general, to render the series as 
near the truth aa possible. 

4. Notice of an Instrument intended for the Measurement 
of Small Variations of Gravity. By John Allan Broun. 
Communicated by Professor Tait. 

5. On the Law of Growth in Woody Circles of Exogenous 
Trees, as indicated by the Examination of a. Single Speci- 
men. By Principal Forbes. 
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Monday, ISlh Fehniary 1861.— The Hon. LORD NEAVES, 
V.P., in the Chair. 

The following Communicationa were read : — 

1. On the Embryology of Asteraoanthion violaceuB (Linn. 
Sp.) ByWyville Thomson, LL.D., F.R.S.E,, M.E.I.A., 
F.G.S., &c., Profeesur of Natural History in Queen's Col- 
lego, Belfast. 

Prom the author's observations, it appears that the first 
step in the development of this form of echinoderm embryo is the 
differentiation of a portion of the yolk into an inveating layer of 
structureless " Sareode;" that the layer gradually increases in 
thickness ; and that finally, from one part of its surface, a branched 
peduncular process ia produced, as an extension of the same trans- 
parent structureless material. The branches of this organ are ter- 
minated by suckers, and serve, among other functions, as organs of 
locomotion. When fully formed, they are undistiiiguishable in 
structure and function fmm the ambulacral feet of the star-fish ; a 
fluid un distinguish able from the chyloqueous fluid of the ambulacral 
system moves in theni with the same characteristic motion. The 
peduncle is closed externally, no communication, except by transu- 
dation, existing between its cavity and the surrounding medium. 
At first it communicates with the general cavity of the embryo, but 
afterwards it becomes connected with, and part of, the ambulacra! 
circulating system. When the ambulacra! vessels and suckers of 
the young star-fish become fully developed, this provisional vascular 
tuft disappears, leaving no apparent scar. In the species described, 
the peduncle ia not conuectud in any way with the madreporic 
tubercle, which is not developed till long after its disappearance, and 
then on the opposite surface of the body. 

The peduncular appendage seems to be essentially a provisional 
development of the ambulacral vascular system, and to be functionally 
analogous to the oraphaio- mesenteric and umbilical vessels of the verte- 
brate groups, endowed, however, with a greater amount of versatility 
of function, corresponding to that of the peculiar vascular system of 
which it forms a part, and to a great degree dependent upon the 
peculiar vital properties of the substance entering into its structure. 

2 Some Observations on the Albino. By John Davy, M.D., 
F.R.S. Lond. and Ed., Ac. 

The subjects of those observations were five individuals — four 
females, one male — all natives of Ceylon, of its south-east salubrious 
coast, and the children of coloured parents. 

They are described by the author as well made, as having good 
liealth, and, though all coming under the denomination of Albinos, 
on account of their unusual faii-riess, yet as varying in degree, the 
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liglilcst having red eyes and almost white hair; the less light, blue 
L-yos and liglit-brown liair, with a complexion ihut in this countrj 
would be considurcd merely that of a pure blcmde. 

It would appear that the Alhino in Ceylon, coutr&ry to wh&t lias 
liuen asserted, is not hold in contempt, but rather in refipect, in 
accordance with the fooling of the people tnwards persons of high 
viiste, who are almost invariably of a lighter hue than the more 
laborious and exposed low caste. 

A speculation of the Singalese is mentioned relative to the vbite 
races, viz., that they are the descendants of Albinos, and, ab oripine, 
merely an accidental variety. 

The author seems to think that analogy is not unfarourable to this 
hypothesis, keoping in mind how great is the variety of colour, and 
its gradations from light to dark, amongst Europeans, and, in the 
instance of our domesticated animaU, how colour is hereditary; and 
also on the ground that the sun's rays have a greater darkening 
effect on persons of brown skin than on those of fair ; and that the 
former, especially the darkest — the blacks — are better able to resbt 
malaria and the effects of tropical climates than the whites, and 
have thereby a better chance of escaping disease, and a premature 
death and estinction of race. 

y. Note on the Bisulphide of Iodine. By Frederick Guthrie. 

4. Notice of an Expeditions Method (believed to bo new) for 
Computing the Time of Descent in a Circular Arc. By 

Edward Sang, Esq. 

5, Note on a Modification of the Apparatus employed for one 
of Ampere's Fundamental Experiments in Electvodynamlcs" 
By ProfeBsor Tait. 

My attention was recalled by Principal Forhes's note (read to the 
Iloyal Society on January 7th), to his request that I should at 
leisure try to repeat Ampere's experiment for the mutual repulsion 
of two parts of the same straight conductor, by means of an apparatus 
which he had procured for the Natural I'hilosopliy CuUection in the 
University. Some days later I tried the esporinient, but found that, 
on account of the narrowness of the troughs of mercury, it was im- 
possible to prevent tl^f capillary forces from driving the floating wire 
to the sides of the vessel, I therefore constructed an apparatus in 
which the troughs were two inches wide, the arms of the float being 
also at that distance apart. Making the experiment according to 
Ampere's method with this arrangement, I found one small Grove's 
cell sufficient to produce a steady motion of the float from the poles 
of the pile; in fact, the only difficulty in repeating the experiment 
lies in obtiiining a perfectly clean mercurial surface. 

Two obji'clions have been raised against Ampere's interpretation 
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of ihis experimont, one of which is intimatoly connected with the 
iliject of Principal Forbes's note. This ia the diffioultj of ascer- 
taining exactly what takes place where a vultaia current passes from 
one conducting body to another of different material. It is known 
that thermal and thermo-electric effects generally accompany such 
a passage. To get rid of this source of uncertainty, I have repeated 
Ampere's experiment in a form which excludes it entirely. In this 
form of the osperiment the polar conductoi's and the float form one 
continuous metallic mass with the mercury in the troughs ; the float 
being formed of glass tube filled with mercury, with its extremities 
slightly curved downwards so as nearly to dip under the surface of the 
fluid ; and the wires from the battery being plunged into the upturned 
outward extremities of two glass tubes, which are pushed through 
the ends of the troughs so as to project an inch or two inwards under 
the surface of the mercury. A little practice is requisite to Buccess 
filling the float and immersing it in the troughs without admitting 
bubble of air. This float, being heavier than the ordinary copper 
ire, plunges deeper in the fluid, and encounters more resistance to 
its motion, but, with two small Grove's cells only, Amplre's result 
s easily reproduced, even when the extremities of the float rested 
contact with those of the polar tubes before tbe circuit was ooni' 
pleted. It ia obvious that here no thermo-electric effects can be 
produced in the mercury, and I have satisfied myself that the motion 
commences before the passage of the current can have sensibly heated 
tile fluid in the tubes. 

The other class of objections to AmpSi-e's conclusion from tbia 
experiment, depending on the spreading of the current in the mer- 
cury of the troughs, is of course not met by this modification. I 
have made several ejsperiinents with a view to obviate this also, 
but my time has been so much occupied that I have not been able 
as yet to put them in a form suitable for communication to this 
Society. 



Royal Physical Society. 



The President delivered an Ojientng Address. 

The following communications were read : — 

1. Ohfcrtaiioiit on Britiih Zoophytct and Protozoa. (I.) Notice of 
Ophryodendroa abietina (Corethria sertuJarise). (2.) On the Repro- 
ductive System o/ Chrysaora, By T. Stbbthili. WaMHi, M.D. 

(1.) On Ophryodendron abietina. — The author stated that, amongst 
the lower claseea of animals, and especially in the Protozoa, the lowest 
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•■lass, nomerouB and very ttriting examples of homomorpbiam occurred. 
'" HomoinorpbiBm" was an exact similarity in form batween aniinnls of 
different classes, nitfaout anj corresponding Tesemblance in tbeir ana- 
tomical atmclure. Some of tbe»e examples migbt be considered fan- 
ciful, as the likeneaa bettreen Lacrymana olor and the fusKil reptile 
Flttiotaiiraa. But in cithers the homomoTphisia was so pei-fect, that 
animalfl belonging to the lower cIssb had beaa long confounded by the 
most eminent zoologistB with those of a. higher class, Tbas, various 
species of the Foramtnifera had been classed amongst the Cephalopoda. 
TheehelUof many of the Fora'ikcni/tra were, indeed, exact copies of 
those of Cepliahpoda, both recent and fossiL The recent Nautilus and 
Argonaut, and the fossil Baculite, Orthocerntite, Hamite, and Ammonite, 
found their repreeentntiveB in the microscopic Xumulina, Polystomella, 
Dentalia, Cristellaria, and Rotalina. The shells of the former were in- 
habited by the highly organised cuttle-fishes ; those of the latter by crea- 
tures which could scarcely be eaid to possess any organization. The 
chambers of their BhelU were filled with a glairy living mass, which 
streamed like a fluid in and out through the innumerable minute pore* 
with which the shells were pierced. The streams united together to form 
widely-spread meshes and expansiona, which enveloped, absorbed, and 
digested smaller living beings coming in contact with them, and on 
which the animals moved, or rather flowed along. Bat although llie 
forameniferous animal was a mere fluid mass, destitute not only of organs 
and stomach, but even of the simplest cellular atrncture, it was yet 
capable of exercising the most important functions of life, motion, niUii- 
tion, and reproduction, and of erecting for itself edifices mathematically 
correct in design, which arrested the eye by their exceeding beauty of 
form and ornamentation, and which, deserted by their tenants through 
successive ages, had formed no inconsiderable part of the solid framework 
of our globe. A curious instance of " homomorphism'' occurred in the 
subject of the present notice, Ophryode-adrun cdiielina, which was 
fashioned after the type of Sipuncvlus Bernhardi, n highly organised 
Echinoderm. The animal consisted of a shapeless oblong mass, immove- 
ably fixed to the corullum of Serlnlana pumila. From one end of the 
moss arose a closely wrinkled proboscis, surmounted by a tuft of short 
tentacles. The proboscis could be entirely withdrawn into the body, or 
extended to an astonishing length, until it appeared as a clear glassy 
wand, thirty times as long as the animal, and clothed at its upper part 
by about forty scattered tentacles, which twined about in most violent 
motion. The animal seemed to be constantly Marching the water around 
for prey, and occasionally to press the tentacles firmly against the body 
of the proboscis, as if to irabel some matter into the soft substance of the 
latter — the usual mode of feeding amongst the Acinetieiis, to which dsss 
it belonged. It was impossible nut to be struck by the extreme similarity 
in outward form between this animal and the Echinoderm Sipwneulvt 
Bernhardi. In both animals occurred the same shapeless body, the same 
entirely retractile proboaeia crowned with tentacles, and the same peeo- 
linr motions in seeking for prey. But with the form the Bimilarity 
ended, for the Echinoderm possessed a highly organised structure, while 
in the transparent Protozoon no structure at all had been detected, 

(2,) On Chrysaora hyosceUa,— The author stated that, while other 
Aralephfe were bisexual, Chrysaora hyoscetlit vt&a hermaphrodite. The 
sperm aacs were found on peculiar transparent grape like bodies, and on 
tentacles, both springing from the ovarian membrane. Sperm sacs were 
also discovered on tubercles, attached to various parts of the lining mem- 
brane of the stomach and oral tentacles or lips, down to the very tips of 
tlie Utter organs. 
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2. On the Articular Processes of the Atlas and Axis. Bjr John 

Cleland, M.D. 

3. A Oyrfcdcon (Falco Islandicus, Lath.)^ shot in Uist; and a Great 
Spotted Woodjpecher (Picus major, Linn.), killed in the neighbourhood 
of Edinburgh, were exhibited by John Alexander Smith, M.D. 

Dr John Alexander Smith exhibited a very large and fine specimen 
of a cup-shaped sponge, Halichondria ventilabrumj from Shetland ; it 
was sent by Mr Carfrae, Princes Street. 



Wednesday, 23d January. — Alexander Bryson, Esq., President, 

in the Chair. 

The following Communications were read : — < 

1. On Inflammation in Fishes, By Alexander M*K. Edwards, Esq. 

Mr Edwards read the results of some experiments he had made to as- 
certain the eifects of injuries on the tissues of fish. He found that the 
irritation of setons caused suppuration and ulceration ; that raw surfaces 
healed by granulation, leaving firm depressed cicatrices, and that simple 
incised wounds healed by primary adhesion, and that the entrance of 
water between the cut surfaces was prevented by the exudation of a 
material resembling lymph. It was also remarked, in the course of these 
experiments, that the fish seemed quite indifferent, both to the infliction 
of the wounds, and to meddling with the hitter afterwards, until the pro- 
cesses of inflammation had set up, when they appeared to feel acutely in 
the injured parts. Preparations of cicatrices, fractured bones of fish, 
A'c , were exhibited, which had been given to Mr Edwards by Dr J. 
Sidey, and Mr Mofl'at, fishmonger, tending to prove that injuries in fish 
were repaired by methods very similar to those of land animals. 

Dr M*Bain exhibited several specimens of Halichondria ventila- 
brum, II, infundibuliformis, and Tethea Cranium, from the Shetland 
Islands. He stated that the fine specimen of H. ventilabrum shown at 
the first meeting of this session, by Mr Carfrae of Princes Street, was 
caught up by a fisherman's net off Sumburgh Head, the southern point 
of Shetland. It measured 21 J inches across, and 10 inches in height. 

3. Beport of the Committee on Marine Zoology; with a Notice of the 
Sprat-Fishing in the Firth of Forth By George Logan, Esq., Con- 
vener. 

The Committee, among numerous other captures, obtained a fine speci- 
men of Corystes cassivelaunus^ the masked crab, dredged up in Aberlady 
Bay. Living specimens of Kellia suborhiculaHs , found plentifully in 
dead valves of Tapes rir^iwia, near Inchkeith, in September last, lived 
for rather more than six weeks. Although great numbers of the hermit 
crab, Pagurus, were examined, dreHged in about six fathoms water, in 
expectation of finding the parasite, PeZ/o^as^er/ja^wH, frequently attached 
to it, not a single specimen was discovered. While this parasite seems 
thus to be absent in deep water, it is found abundantly attached to the 
shore crab, and Peltagaater carcinus was found at Trinity attached to the 
abdomen of the common edible crab, sometimes two or three on one 
animal. One specimen of Psammobia ferroensis was found near Inch- 
keith, and occasionally on old valves were observed the curious pear- 
shaped, stalked ovarian niduses, of Pontobdella muricata, frequently 
passed over as the undeveloped state o( Himanthalia lorca; some specimens 
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were alw |irorurod of A'enio-tj Borlatiii, of s beautiful full dark purple 
colour, and of enurmoua length. On tUo !28lh of September four oi five 
specimens of a email flat fish rame up in the dredge, which appears to be 
the MvnUhirvi Ungualvlut (Cuvier), firet obsened in this countrjr bj 
Farnelt on the Deronshire roiut, and noticed bj him in 1837, in the 
'■ Traniartioni of Ihe Rojal Society of Edinburgh," and in the " Maga- 
Klne of Zoology and Botany," under the name of iloni^kirwa tninuttM. 
He docs not inclutle it in bis " Fishes of the Firth of Forth," and the 
Comniittoe are not aware of its having before been obtained there ; but 
from the occurrence of so many specimens in one day, it would seem to be 
not ?ery rare. Some of the specimens were brought home alive, and one 
of them lived for nearly three raonlhg, until killed by the ret^nt severe 
cold. It was very sluggish, remaining always al the bottom of the aqua- 
rium, and eelilom moving unless disturbed. Certain members of the 
Committee devoted nrneh time and attention to the herring and sprat or 
garvie fishery of the Firth of Forth ; and the result of close investigation 
of large mafset uf fry at variooe times has been, that the pruportion of 
herring, Clvpeahartngui,\eai than six inches long, taken among the sprats, 
Vhipea itprattus, is very small; one of the examiners found on an aver- 
age only one herring fry among a hundred sprats over a very extensive 
field of investigation -, others found the pro]>ortionB of herrings rather 
larger, but they all concurred in thinking that the comparatively small 
quantity of herring fry caught with the sprats could not in any sensible 
degree allect the former ; and when it is considered that the roe of a single 
herring containa such an enormous quantity of ova (32,000), and that the 
fish spawns upon our shores in countless millions annually, the sensitive- 
iiess wbicb has beenehownasto tbetakmgof evenafew tens of thousands 
of young herrings among the sprats seems to be without foundatiun. A 
limited close-tiuic, or protection in a limited area, would probablv do in- 
finitely mora towards the protection of the fishery than any needless and 
unpopular prohibition of sprat or other fishing. It may be useful to 
mention the prominent and easily noticed markings which separate the 
two species, so that any one, upon looking over the surface of a n ass nf 
fish so abundantly brought to market, may distinguish without difficulty 
the one from tbe other. The bead of the herring, from the point of the 
lower jaw to the farthest part ot**the gill-plateS, is about a fourth-part 
longer than the head of the sprat ; the eye is one-third larger ; the lower 
jaw projects more beyond the upper jaw ; the tail of the herring is dark ; 
that of the sprat light- coloured, roach broader, shorter, and less forked 
than that of the herring ; end the body of the fish at the insertion 
of the tail is also much broader ; the abdominal line is strongly serrated 
and sharp all along ; the same line in the herring is rounder and quite 
soft (excepting in small specimens, but there is never any serration under 
the pectoral fins) ; the sprat is more plump and compact, and resemblw 
in shape a miniature salmon, and the scales are larger, and their insertton 
much further apart than in the herring. Upon the veied subject of her-* 
ring spawn it umy be stated, that during several years, while the herring 
has been upon the coast in abundance, the Committee, from tbe begin- 
ning of August to the niiildle of October, have dretiged and trawled in 
Abcrlady Bay and oft' North Berwick down to Tyninghsm Sands, withtmt 
bringing up a trace of herring spawn ; and they are quite satisfied that 
none is deposited upon proper trawling or dredging ground. Among Iha 
millions of fry which have come under the observation of the Conunittes 
during the present month, not a single specimen of whitebait, ClitpeaaJba, 
has been detected ; and, what is somewhat remarkable, although while-: 
bait was found in abundance at Seaficld in the autumn of lE'SS without any' 
admixture of sprats, during last spasou, at the saiue period, only sprals 
~ e found, without any whitebait. 
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5, Notice of ail apparent Hyhfid between the Blacl: Grouse mid Red 
Oroiise; slmt near Mid-Oaidcr. By John Ai.ex*si)ek Smith, M.D. 
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Dr John Ai.kx*bdkb Smith Gxbibited a specimen of the Stria Teng- 
I malmi (Tengmalm's owl), taken on Cntmond Island about the end of the 
I year. Only one or two instances of its captare in England hare been 
I recorded, but none in Scotland that Dr S. had observel. 

Mr Jakes B. Davies exhibited the following speciraenB from Dr E, W, 
LSubuc, E.N, A emaU Physalia (Portuguese man-of-war) from the shore 
Pat Kurrachen, Scinde. Specimens of a species of Pinna, both dry, and 
dissected, in apirit, from Trbcomalee, Ceylon; two speeimena of Ptnno- 
Acres (a small crab), one of which inhabits the interior of the shell of 
Pinna, and the other from the Placiina placenta, also from Ceylon ; 
specimens of tlie Trepang, or edible Holothuria, in spirit, and dried, 
as for the Chinese market. Regarding these, Dr Dubao snpplies the 
following notes : — " Whilst at Trincomalee, in the summer of last year, 
in medii^ char^ of the hospital hulk Sapphire, mj attention was drawn 
to a species of //o(o(A'irw(, veryabundant on the sandy bottom of the inner 
l-bafbouT, at a depth of about two to three fathoms. The animal ia of a 
yellowish-brown colour, the skin over the dorsal aspect being tough and 
ooriaceouB. The ventral surface presents numerous ambulacra, and is of 
a pale colour, and close to the an^ orifice there is the retractile branchial 
tof^. At Naples the Rolotharia talmlota is employed as an article of diet, 
and at the Marianne Islands the Holothuria guamenais ; whilst the 
Chinese prefer the Holothuria ediilis, or Trepang, which ia common in 
the Chinese seas, principally at the Annmba Islands, where the Malays 
I fish for it with hooks fastened to the ends of lung bamboos." 



Botanical Society of Edinburgh. 
8th Novemher 1860. — Professor Allhan, President, in the Chair. 
The President delivered an opening address. 
The fallowing Communications were read ; — 

I 1, On Certain Peculiarities in the Growth of Pine Trees on the Bast 
Shore of Loiigh Neagh, county Autrim, Ireland. By the Rev. A. 

CoLQDBOUN CaNNINQ. 

Mr Canning remarked : — It is known to naturalists that the extensive 
sheet of water — Lough Neagh, in Ulster — is connected with interesting 
peculiarities, both of a geological and botanical kind, which do not seem 
to have received that close scientific consideration which their nature would 
appear to merit. These peculiarities arise partly from the mechanical 
action of the waters of the lake and of the rivers and streama which flow 
into it, and P^t^y itam. certain qualities possessed by the water of the 
lake itself. The attention of the writer has been directed from time to 
time to some of these, and one of them would seem to be so much a 
curiosity of vegetation as to deserve particular notice. What is alluded 
to is the peculiar appearance presented by certain pine trees (Pinus syU 
Beatrit) which are found upon the east shore of the lake above mentioned. 
The trees present the appearance of stems supported on large aerial roots, 
and thus rsised upon props in a mangrove-like manner. The soil is com- 
posed of about one-third common earth and two-thirds of a flue loose 
sand, which forms the beach of the lake, and is easily moved abont by the 
action of running water. It is probable that, at an early stage in the 
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i^wth of thp«e treee, thej otmiiiied a 
lake, but, from the gradual sub- 
sidence of the Utter, they dow 
occupy a soraewliat elevated bani 
ut a little dUtanee from tbe boaeli. 
Were the singular apjicarance of 
iiinny of them the only circr 
Btanoe to draw attention, it u 
perliapa superfluous to make || 
them the subject of paTtirular | 
remarli; but there is something, r 
iu the gradual adaptation to cir- I 
cumstunceB which is traceable I 
upon a (lose inspection of the I 
specimens of vegetable life, not t 
a little curious and ialercsting. U 
as proving what the observer | 
might be disposed to term a form L 
of vegetable instinct, according I 
to which the growth and stability I 
of the tree are provided for in 
relation to those influences whieli 
are found in different ways to act. 
against both. This the writer 
has been much strack with, at^er 
a careful oiaminatioD of the pre- I 
Bent appearance of some of these | 
trees. In the case of one apeci- 
inen he has found that the height of the uitrial roots from the pre- 
sent soil to the commencement of the trunk is upwards of five feet, 
and, whilst presenting thus a tnsjigrove'liko appenrunec not a. little 
curious, as shown in the figure, he has found tliat the development of the 
supporting and nourishing roots seems, from period to period, to have 
been in oTose relation to the aJteritig (m'ffencitg of the case. It is thus 
soon that, where the mechanical support came from the gradual washing 
away of the soil to be moat needed, there tlie development of the means 
of support, and that upon plain mechanical principles, took ploee most 
prominently ; and also as the tree proper came to be further and fiirther 
elevated and removed front the soil, so the lower parts uf the roots ex- 
panded and tliickened, end, as it were, grasped the nourishing soil with 
still increasing vigour and tenacity. 

2. Remarks on Bryura Duvalii {Voif), find on the Loealiliet in tekich U 
luta been found. By Mr John Sadlbb. 
Bryfim DttvalU is a rare and a very interesting moss. It is only about 
two years ago that it was recorded, fur the first time, as belonging to the 
British flora. Wilson, in a note at page 329 of his "Bryologia Briton- 
n lea," refers to this species in the following terms : "BryumDut)aliiiBa.y 
be eipected to occur on the Scottish mountains, but as yet we. have aeen ' 
no indisputable specimens." This was in ]553. In the spring of 1808, 
the late Dr Nichol discoTered the plant on the >Ioffat Hills in consider- 
able abundance, and recorded it in the sixth volume of the Souety'i 
" Traneartious" as new to Britain. In Sei)lember last, the plant was 
agiun gatlicrod in Scotland by Mr William Bell, whilst acoompaaylng 
Professor Bntfour on a botanical excursion to the Breadalbono mountains, 
lie met with it growing in large patches amongst the boggy springs above 
l.m-li iui-.\it on lien Lawers. 
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A few weeks ago, wliile turning oTer a, jiarcel of dried Bpeciwone of 
lowering plants and ferns, collected by tlio lat« Colonel niuddcn, near 
Waterford, in Ireland, and wliieh had been tranBmitted to the Univer- 
aitj Herbarium about a, year since by his widow, Mrs Terrot, I came 
upon four small tuftB of a moas which, on examination, proved to be 
Bryum Diaialii. According to the date on the cover, the plant seems to 
have been collected in IS-IS, six years previous to Dr Nichol's discovery. 
Hence Colonel Madden was the person who first found the plant m 
Britain, while Dr Nichol has the merit of describing it as a Scottish 
species. I have no doubt that it ia amossoffrequentoccurreiice through- 
out Scotland ; but owing to its great resemblance to a barren state of some 
of our commoner species, it is very apt to he overlooked. It is remark- 
able that Each acute observers as Greville, Hooker, Wilsun, Nichol, and 
others, who have carefully explored Ben Lawers, should have failed to 
detect the plant in that locality. 

Tlie stems of the plant vary irom one and a half to three inches in length, 
generally forming large, loosely aggregated tufts of a more or less pel- 
lucid aspect, and of a Teddlsh-purple colour. The leaves ore broadly 
ovate, acute, largely Tctieulate, and at their baee strongly decurrent ; 
their margiuB are entire, plane, and not thickened. It grows in wet spots, 
generally Msociated with Bnrtramia fonlana, Bryum psendo-qiielrum, 
and other species. All the British specimens yet fomid have been barren. 
The capsule is somewhat pyriform and pendnloas, as shown in Bruch and 
" Schimper'a figure. Mr Bell, the discoverer of the Ben Lowers specimen, 
baa devoted mnch time to the examination of Scotch mosses, and, in a nole 
to me, with reference to BryitmDwalU, he remarks, " How Bnjwm Da- 
vttlii has BO lung escaped the notice of our British muscologists I am at 
a loss to understand, unless it has t>een mistaken for a form of Bi-yutn 
oentricosum (B. jiseudo qtictmiii}, which in some respects it resembles." 
Dr Asa Gray, in hta " Manual of Butanj," says that it resembles Bryjim 
turbinatum. So far as we are aware, BryuM Duualii is never found 
associated with Bryum turhinaUim in Britain, but we have seen speci- 
mens of it and B. ventrieoauiTi growing side by side. The habitats 
and habits of both are alike ; both have strongly decurrent leaves ; the 
leaves of the one are broadly ovate, those of the other are oblung 
ovate ; the capsule of the one is ventricosely pyriform, that of the other 
is oblnng-obovate. We have little hesitation in saying that we have seen 
spei-imens of Bryant ventricomim that dilfer no more from specimens 
of Bryum Dwralii than the specimens of the latter species, coUeoted 
at Waterford, Moffat, and Bon Lawera, differ amongst themselves. The 
Waterford specimens are more robust than either the Moffat or Ben 
Lawers ones ; the leaves are nearly erect, ovate, and slightly acuminate. 
The Moffat specimens have the leaves patent, broadly ovate, with the 
aroolation very loose. The Ben Lawers ones have the leaves recurvo- 
patent, broadly ovate, and the areolation close. Had the plant in ques- 
tion been a fluwering, instead of a flowerlesa one, it might have been pro- 
nounced a hybrid between Bryum turbinatiira and Bryum ueii(j-ico»uiB, 
the latter beingthe female plant. 
3. Remarks on the Flora of CaitTinemi. By Robeut Brown, Esq. of 
Campatcr. 

IKk Decemher I860.— Dr Lowe, President, in the Chair. 
The foEowing Communications were read : — 
I. The Thcofy of Terminal Fructificaiion in the Simple Plant, (f 
Ovules and Pollen, and ofSi>orei. By Ur MAcvirAK, Moffat. 
(This fuper iippoarod in the last nuiiiber of the Journal) 
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•>. Tta. C'ultiirt- in Soutkern India. By Dr Ci.EoeotiH, Madras. 



4. Causa of the HortmtnU in Diatoms, icith illuiitrative laodch. 
B/ S. J. Mkistjes, Jan., E»q. 

X-iith Juiuiarij ISGl. — Professor Balpock, Vioe-Preaident, in tlie Chuir 

The following Cominunicatiune were read : — 
1. 0« (Ae 5j/!ionym^ o/'Ectocarpus liracLiatiia. B; Dr AoqdstbleJolis, 
Cherbourg. Communicated bj Professor Bauiiub. 

A plant, first discoverod by Mr Dawson Turner in the year 1801, and 
anerwards noticed in 1808 bj Sir William Hooker, in dilches of bractish 
water, near Norfolk, waa described and figored in " English Botany," 
tab, 2571, under the name of Confonra brachiala. It has not been found 
since in that stAtion, and it woa only known by the figure in " English 
Botany," until Mrs Griffiths roUected ia Torbayaa Ectoearpus, growing 
on Rhodymenia palmata, the characters of which seemed to correspona 
with those of Conferva bruchtata. For that reason, and notwithstanding 
the different habitat of the latter plant, Professor Harvey figured and 
described, in bis splendid work, "-Phycologia Britannies," the marine 
Torbay 8pecimen» under the name of Eelocarpris brachiatus. He enler- 
tained, however, some doubts about the identity of the two planta, and he 
remarked that ; " Agardh described a new E. brachialTts, a native of the 
Baltic, and conferred the name E. crtuialvx on the 'English Botany' 
species. The name ' brachiutuit' no doubt belonga to the Norfolk plant, 
and if the Torbay individtiiUs, now figured and described, and of which 
excellent specimens have been published in Mrs Wyatt's ' Algce Dan- 
monienees, are essentially different, a new name should be conferred on 
iheui ; and Agardh'a E. brachiatus, if it be not the same with E. spharo- 
ptifiruf, Carni., might be called E. Agardhianiis." 

J. Agardh (Spec. Alg. i., p. 20) considered the two plants identical, and 
united them under the name of E. braehiaiiis, quoting as a synonym, 
E. eruciaUis. C. Ag. Crouan brothers published, in their " Alges 
Marines du Finistere," two difterent species, one of which (No. 17), being 
the very same species as described in the " Phycologia Britannioa," grow- 
ing on Rhodifnifnia palmata, was named by them E. cruciatiu, Ag. ; 
and the other (No. 18), being a plant of brackish water, was labelled 
E, hrachiatuB; but this latter does not appear to he the Conjcrna bra- 
ehiata of "English Botany." 

My most excellent friend, the celebrated algfilogist, Gust. Thurel, 
happened to meet, on the 6th April 1857 with the true Conferva bra- 
ektata, E. B., growing on small stones in a ditch of brackish water on the 
sea-coast at Querqoeville, near Cherbourg (a locality now unfortunately 
destroyed on account of the establishment of a polygon for the navy 
artillery) ; and this is the first instance of that plant being found in Eorope 
since its discovery near Norfolk. After a comparison of these &esb 
specimens with the common parasite on Rhodymenia palmata, the marine 
speoiei proved to he different from tbe braekialj one. Consequently it is 
necessary, acoordingto the provisions of Professor Ilorvey, lo give distinct 
names to both plants, nnd the epithet " brackiuius" must evidently be 
retained for the Norfolk and Cherbourg brackieh species, or the " English 
Botany" plant. It it not, however, possible to admit for the marine 
Ei>cciea the name " cruciatus" aa labelled by Crouan, since C. Agardh 
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certainly afBied that name to tlie " English Botanj" plant, and hie Baltic 
E. bradiiatiis \s, according ti) J. Agardh, a mere b jnonjra of B. liitoralin. 
As a new name ib to be chosen to be conferred on the very distinct and 
well-marked marine Ei:tocar]ius which is found tJong the southern coasts 
of England and Ireland and the northern coasts of France, growing ex- 
clusively on the fronds of Bhodymenia palmata, I beg to propose the 
name of E. Grijilhsiamis, in honour of the celebrated lady who first 
discovered it ; and I make this proposition with more confidence, seeing 
that it baa i>bkiined the sanction of Professor Uarroy, who wrote to me on 
the Ist of April 1859, in the following terras : — " I am quit* contented 
wi'h your name ' Grifithtianun' toi the Ectocarpus; too much honour 
cannot be paid to the memory of that admirable lady ; and jour reasoiia 
for setting osido the other names ore valid." 

The synonymy of the two species may be presented as follows : — 
EoTooABPus BHACHiATcs (Engl. Bot.) ^ Ctojiftrco brachiiita, Ens. 
Bot. t. 2571 !— E. cmciatug, 0. Ag. spec. p. 44 (sec. Harvey)— 
non E. brachiatuB, C. Ag., nee Harv. Man. 1st ed., nee J, Ag. 
In ditches of brackish water : Norfolk (Dowson Turner, 1801 ; 
Sir William Hooker, 1808) ; Querqueville, near Cherbourg 
(Gust. Thuret, 1857). 
EcTOCARFDB Ohiffitheianos, Nob. til licrh. E. hrachialugj GrifT. ; 
Harv. Phyc. Brit. pi. iv,. Man. ed. '2d. ; J. Ag. spec. aJg. I. p. 20. — 
E. cmciatiia, Crouan, AJg, Mar, Finist. No. 17, — non C. Ag. spec , 

p. 44:. 

In the sea, growing on Ehodvmeaia palmala ; England, East 
and South of Ireland ; Northern coasts of France, Cherbourg, 
Brest, &.C. 

2. Organogenie ReseaTelies on. the Female Flower of the Conifera. 
By Dr H. Baillon, Memoir presented to the Acadijniie des Sciences 
at its Meeting, 30th April 1860. Translated by Albxamdek D:ckbon, 
M.D., Edinburgh, 

(This Paper appears in the present number of the Journal.) 

3. RemarJci on the Theory of the Metnmorpltusis of Plants. By Mr 

MAXWELtT. MiSTKBa, Lecturer on Botany, London. Communicated 
by Professor Balfottb. 

4. Notice of Algmfeom the Faroe Iilandi. By Robeut Brown of 
Campater. 

5. On the Timbers si 

The author alluded to the enormous requirements of the Indian rail- 
ways in the matter of timber for diSerent purposes, especially sleepers. 
This is a subject of great importance, but almost the only records now 
existing ore a suggestive paper by Dr Falconer iu the Journal of the 
Agricultural and Horticultural Society of India, and the Jury Reports of 
the Madras Eshihitious of 18j5-.'i7. A portion of the immense supply 
required will be procured from Ceylon, Burmah, Andaman Islands, and 
Australia ; there will also be a regular and heavy drain on the forests of 
South India. About thirty kinds of indigenous woods have been used 
01 perimen tally for sleepers, but the trials have not been attended, in 
some iuBtaiicce, with aatisfaclpry results ; nut always because the woods 
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wore inforior, but from tho limber not hoTing reached a Bufficient af;*. 
and from its being em|itojed when taiperfertlj sBMoned. Eiperieiirc 
hew been gained, and bptter prospeots are dawning upon the oompanieB in 
this great cwential of railway operations. The chief engineer, Madras 
Kailway, lately isaui^ a lucful circalar to the officers of disCricta regard- 
ing the branding of sleepers, of which the following is an extract: — "At 
the time of passing the sleepers thej mnit be brEuidcd with a letter, show- 
ing the kind of wood accord ing to the table of specification. Zinc labeli 
are being prepared, which, bein? nailed to the sleeper, will remain legible 
even after ita decaj. These wiU not supersede the branding, but be used 
in addition to it." The reaults of obeervatiocB by tho engineers of the 
different railwavs hereafter published will be vainable ; at present the 
suiunmrj of what is known is as follows: — Teak (Ttrtona t/randis), is 
probably the best of all woods for sleepers, but is yearly becoming more 
Ecarce and costly. Sal ( Vatka ruhusta), the nest best wood, is not indi- 
genous in any quantity south of Orisaa, but is largely used in Bengal. 
Erul, of Malabar {Iruja xylncarpn), is a superior wood, and suitable fur 
railway purposes. Jarra or Yarra {Eucftliiptm roitrata), apccijilly 
noticed in a dcsjiatch from Lord Stanley, has been lately imported in rtin- 
siderable qoantity from Swan River. A timber trade with Australia 
would benefit the colony, and supply the Indian nuirket with a substitute 
for teuk. Frotii the monthly returns of the engineers, showing the num- 
lier of sleepers delivered on the ditferent districts of the Madras railway, 
and the trees furniabing them, the following results are obtained : — The 
hirgest number of sleepers are prpoorod from the family Combretacae, 
and the genera Terminalia and Conocarpua, remarkable for the height 
and site of their trunks, and the toughness of their timber. The dnra.~ 
bility undtr around has not been altogether satisfactory. Cadukai (^Ter- 
fiiinalia ChAvla) appears to be liable both to tho attack of fungi and of 
the carpenter bee. The LegumitiosiE are next in importance, the trees 
supplying the wood bein^ntfrocarpu«(Veng^), Itiga(ETk\), Bardmckia 
(Acha), and various species of jlcocia. Well-grown timber of these kinds 
is deservedly prized by the engineers. As the native name frequently 
applies to a genus rather than to a species, it is doubtful whether tho>e 
marked Sol and Pedowk, are really the true species, although obtained 
from trooa belonging to the genera Vatita and Pterocarput. The rail- 
way engineers generally have confidence in Sal, lliipe (Baisia), Kara- 
Miuda, V^ng£, Chella- Wnnj^. Teak being too expensive for general use 
as sleepers, it has recently been proposed to substitute sleepers uf cast- 
iron for those of wood, and the plan has already been carried out on a 
large scale ; it is thought that iron will in the end be found the most eco- 
DomiiMtl material for Bleepera. Tlie Indian woods, which as yet appear 
to be beat adapted for trenails and wedges, are Kara-Marda (Peritaptera 
eoriacea), and Sal (Vailta robusta) ; tho former for trtnaiU, the latter 
tor wedges. They resist the attacks of whit« ants, which destroy the 
beech and elm imported Irom England. 

Professor BALFora staled to the meeting, that a Botanical Society had 
been recently organised at Kingston, Canada West, having for its object 
the thorough inventigation of the Canadian Flora, as well as the prosecu- 
tion of the science of botany in general. The Society seems to have a 
similar constitution to that of the Edinburgh Botanical Society. At the 
first meeting, held at Kingston on Friday, 7th December last, there was 
a large attendance of gentlemen from all parts of the country; and, afler 
addresses had been delivered by llie Hev. Principal Leitch, Profeaeor 
Ocorge LawBon, and Professor Litchfield, upwards of 100 were enrolled 
as members of the Society. 
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T. C. Archer, Esq., exiiibitetl a hunting-net, which had been sent to 
the ladastrM Mueeum by Br Livingston from Africa, manufactured, by 
the natives from the bark of the Baobab tree (Adantania digitata.) 

Thweday, 14(A February. — Dr W. H. Lowe, PreeHent, in the Chair. 
The following Communications were read ; — 

1. Obieroationa on Temperature in connection mth Vegetation, having 

r'.dal reference to tlie Frost of December 1860. By J. H. Balpouk, 
M., M.D., F.E.S., ProfesBor of Botany. Including a Beport on thtf 
Effeetf of the Frost on the Hants in the Boyal Botanic Garden nf 
Editibnrgh. By Mr Jambs M' Nab, Superintendent of the Garden. 
(This paper appears in the present number of the Journal.) 

2. On the Natnrr ami Cauee of the Movement of the Leaves of Dioncea 

Muscipula. By S. J. Heintjes, jun,, Esq, 



PaDOINQTON, NEAE WABErMGTON, 

JaKoary 2S, 1861. 

Dbab Sir, — The Inte Dr William Nichol sent me, some years ago, 
ft sinall a]>ecinien of a moss which he considered to he AtrichMm tenet- 
(um, gathered near Lot-Iigoil head in 1856, This 1 cannot find in my 
Herbarium, after repeated seanih, nor elsewhere among my papers, and 
I hare no memorandum of having examined it. 

I aui particularly desirous to receive from you a duplicate of this moss 
(if only as a loan, for inspection and return), that I may ascertain what it 
realty is. I hope it is A. tencUum, but have much doubt on the subject. 
It may prove ia be the same as a new (British species) ullied to A. tenel- 
luni, and which I believe we must now call A. crispum (Wils, MSS,), 
sQch being the name under which the moss is published (as American) in 
" Sollivant'B Mosses and Hepatic^ of the United States ; " 1856, p. 41, 
I had at first named it A. laxifolium (Wila. MSS,), for Mr James, tbc 
finder, in 1S52 ; and Dr Schimuer has it from roe so named, and will 
very likely retain that name in his second edition of his Synopsis, if not 
warned in time. We have only the J plant in Britain, but the fruit ia 
fonnd in New Jersey. 

You are of course aware that Orthotrichum anomaliim of British 
authors is not that of Bryol. Europtea (wliich is now eatabliflhed as a 
native of Britain). Our moss is 0, saxatile oi Boidel (Bryol. Univ.), 
and has been hitherto, on the continent, confounded with the true 0. 
anoTnalutn,. 

1 have at last ascertained that Campylapns longipilus of Bryol. Europ, 
(also a native of Britain), ia totally different frora the Tumerian moss, 
originally named C. loiigipiliis by Bndel. Schimper's moss is C.polytri- 
cltoidas of De Notaris, and is closely allied to C, inirojlexiii. It grows 
in Cornwall and in Jersey.* 

Hypnum adi'newn, tax. 0. of Bryol. Europ., is a distinct species. 
It is my H. pellucidum, MSS., found in Cheshire last year, but only the 
mole plant, along with II. gigantcam, Bryol. Europ. 

* In B sabaequeut letter, Mr Wilaon etateg : — " Campulapiu poli/trie/ioidii 
(lie Not.), Is 0. lungifilut of Bryol. Kurop.; but not DierUHUin jfemoium. var. 
;:«i/tr>tm of Turner and Smith. I have it now from ■ 
well as from Jersey, whiire it was Grat fuuod l>y Mrs 
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I gatliered an AKarlaru/Ium [but not in fruit) near Imemry in 1S36, 
which i* new and quite dialiact froin A. eompaclvm, which was growing 
with it. It is my A. peUaridun,. MSS. If Von see anything of the iinrt 
in Dr Nichol'i foUection, with pale-yellowish foliage, scarcely at all crisped 
when dry, I thould be rlud to examine it. 

I bftTe a new Zygodun from Yorkshire (Z. graHlU, MSS., but Dr 
Schimper thinks it a Didtimodon), without fruit ; leaves serrate at the 
apex. This may be turking in the Herbariam of your University. 

A new Orthotrichtim (O.omeum, Wils,, MSS.) was found last auminer 
by Mr Shaw, near Dailly. 

Campvlopus brrnpihti seems to be generally diffuacd. It growB in 
Cornwall plentifully, also in Yorkshire, and we hare it even iii (Cheshire. 
i'tiifUdium Ktygiitm has been recently foond in Suffolk. 

I hope the severe weather will not hare destroyed the fruit of Qrimmia 
cviifrila, &c. I have sad accounts of injury done in Cornwall to the 
mosses there. — Most truly j'ours, 

W. WiLSOM. 

Professor Balfoub exhibited a gall on Pinus syltotris from Finzean, 
Aberdeenshire, which had been given to him by William Brown, Esq., 
F.H.S.B., and which was cunsed by the attack of Actinia ri^tiiiflla, 

Mr M'Nab gave the following report on the flowering of plants in the 
Botanic Garden : — Eranthu hyemalit, Jan. 26, IS61 ; Crorus msianut, 
Jan. 36; Rhododendron atrovirtns^jaji.i^; Oalaitthut nivalin, ian. 
"•1; Anemone hepalica.ian. 31; Leucojnm verniint, Feb. 1; Dondia 
Epipaetit, Feb. 1 : Siiyriiichium grandifiorum, Feb. 5 \ Omphalodti 
rema, Feb. 6 ; Po/Aosj&lidus, Feb. 9; Tui»ilagoalba,Feh. 10; Cots- 
lu/i Attllana, Feb. 10 ; I'roc^i* vemus (yellow) Feb. 12. 

Mr M'Nab noticed the flowering of Yucca glorio»a, var. glaucacem, 
in the garden of Captain Mitchell, In verleitb Row, Edinburgh, in Septem- 
ber 1860, The plant was 13 feet 9 inches in height, the flower spike 
t> feet 6 inches in height, and 3 feet in circumference. The leaves aver- 
ag;ed 2 feet 3 inches in length, and 2^ inches in breadth. The specimen 
had been planted twenty-five years ago. 
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Tta Cidtivation.—On the 31st of last October, the Secretary of State 
informed the Madras Government that he had " perused mth much in- 
terest the reports by Dr Cleghom, the Conservator of Forests, on the 
growth of the tea plant on the Neilgherries and other parts of the Madras 
Presidency." Sir C. Wood then goes on to say: — "It Is Batisfiictorily 
established that tea plants will thrive in several different localities ; but 
nu attempt appears yet to have been made to convert their produce into 
a marketable article of commerce. I agree with you that, as a general 
rule, it ia undesirable for Government to step out of its way to aid the 
eflbrts of private adventurers. Considering, however, the great suceeea 
which has attended this branch of culture in Assam and in the Himalayas, 
and which, it can scarcely be expected, would bove been attained, at any 
rate to the same extent, or in the same time, if the initiatory proceedings 
hod not been taken by the Government, I shall not object, if it shoiud 
appear that there is little chance of the matter being taken up by prifate 
entcirprise, to your acting on the recommendation of Dr Cleghom, and 
obliuning the services, for o limit«d period, of a few skilled tea manu- 



r 



ScienHfic Intelligence. 333 

faoturers from the north-western proTJnceg, which, it appeaw from the 
information supplied by Dr Jnijieson, might be procured at a yerj mo- 
derate cost. 1 presume that, under the rules Don- id force, the diJGculUes 
which were apparentlj' experienced hy Captain Mann in ohtaining land 
i:i the Neilgheiries suitable for hia tea plantation will no longer eiist." 
In an order on the above despatch, dated the 5th January, it ia remarked 
by the Madras Oovcmment that they "have recently made a grant of 
land on liberal terms to Mr Rae for tea cultivation, and the advantage of 
their now affording assistance in this important experiment may be less- 
ened by the fact of it£ hating been thus undertaken hy a private individual. 
The Board will, however, consult the collector of Coimbatore and some of 
the residents of the hills on the subject." — Madras AtJu^aiim. 

Slate in Ijidia — Mr Oldham, superintendent of the Geological Survey 
of India, has written a long memorandum on the use of slates in India 
generally, and on the slain of the Komool distriot particularly. After 
explaining at length the nature of true slate, namely, that it ia " capable 
of almoat infinite division, thin plates or slabs splitting with tolerably 
even aurfaces of considerable size," ho goes on to show that the Kumool 
Blabs and the aame material found in other parts of India are incapable of 
thta infinite division, &c. And he is of opinion that " the Kurnool sloha 
referred to by Lieutenant Beckley and the Madras Government are en- 
tirely unfitted for sloping nxifs ; that they cannot be procured in slabs 
dividing naturally of such size and thickness as would adapt them for 
such roofs ; that aawing them would, even if practicable, bo too expensive ; 
that the slabs thus procured would he either too thin to give the requisite 
atrcDgth, or, if of sufficient strength, wonld be too heavy and thick for 
economical or effective use." But for flat roofs or floors he thinks they 
may he need with advantage. Mr Oldham adds :»-" I would further urge 
that such stone slab floors, where the proper material can be procured 
with a moderate amount of carriage, and at a fairly reasonable rute, will 
prove much more durable, economical, more cleanly, and in every respect 
better floors than either wood or 'pucka' for barracks, hospitalB, court- 
houses, or any place where there is constant intercourse, and also for the 
verandahs of such buildings. I have just alluded to the cleanliness of 
Buch floors ; and I consider this to be by no means a trifling advantage. 
They con be mopped out with clean water or washed with soap and water 
in the same way as ordinary wooden floors, and can thus be kept swoot, 
dean, and free from vermin with the smallest amount of labour. There 
are several localities in Bengal and the north-weBtem provinces where 
such slabs could be obtained as would be suited for flooring. The hills Ui 
the south of Monghyr, the Sikkim Hill (poor), the Soane Valley, the 
Kumaon HUls, and the Gwalior Hills. But in few cases will such mate- 
rials admit of any great letigtli of carriage; and they can therefore only 
be Hied economically when procured within a reasonable distance of the 
works where they are required." — Indian Mail, 13th February 1861. 

New Canadian Dye. — At a meeting of the Botanical Society of Canada 
on ISth February last, Professor Lawson exhibited specimens of a new 
dye of great richness, prepared in the laboratory of Queen's College, from 
an insect, a species of Coccus, found for the first time last summer on a 
tree of the common block spruce {Abitg ni<jra, Poir), in the neighbourhood 
of Kingston. This new dye closely resembles true cochineal, a moat 
expensive colouring matter capable of being jiroduced in wariu countries 
only, and which is used to give a fine and permanent dye in red, crimson, 
and scarlet, to wool and silk. Unlike cochineal, the new dye, discovered 
at KingsUm, is a native Canadian product, and capable of being produced 
in temperate countries. Having been but recently observed, a sufficient 
quantity has not yet been obtained for a complete series of exjwriments 
as lo its nature and uses ; but the habits of the insect, as well as the pro- 

NEW BEBIBS. TOL. Xlll. NO. 11. AFRIL 1861. 2 U 
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penietof tbcdye, Eecm to indtcatethat itmayberomeof prartical import- 
anoe. In colour it closelj resembles onJinarj codiinen^ having rather 
more the itarlet hue of the flowers of idonit aulumnalis, and no doubt 
other Bhudea will be obtained. The true Meiieau cochineal is now being 
cultivated in Teneriffe and other vine growing countries of Europe and 
Africa, with such succeaa as i« displace the culture of the griipQ Tine: ^et 
the Directors of the East India Compnn; ofiered in vain £2000 for its 
Introduction into India. 

Magneiium as a Souree of Light. — Professor A. Schmitt calls at- 
tention to the practicabilitT of employing metallic ma^esium for purposes 
of illumination, as had alreadj been suggested b; Bunsen. From the 
researiihcs of the last named chemist, it is known that when magnesium 
ii ignited it roadilj takes fire and burns with an eiioeediiiglj brilliant 
flame. The intensitf of the light thus produced, as delermioed bj Bunsen 
and Roscoe in one of their photo-chemical researches {Pogg. Annalea, 
eviii., 2C1, elseq.) isonlj some 535 times lees than that of the sun. Com- 
pared with an ordinary candle, it appeared that a wire of magnesium 
0'297 millimetre [I mm.='0'0394 inch] in diameter, produced as mtu^ 
light in burning as 71 stearine candles, five to the pound. In order to 
support this light during one minute, a piece of wire 0*983 metres long, 
weighing 0'12U4 grm. [1 grm. =15-4325 grains], was required. 

iSilj 722 grms. of magnesium, therefore, would be needed, in order to 
maintain during ten hours an amoaut of light equal to that of 74 stearine 
candles, consuming about 10000 grms. of stearine. 

According to Bunsen, mognesiom wire is readily obtained, bj fbrciblj 

Eressing the metot through a. hot steel die by means of a steel piston, 
iinsen a arrangement for burning the wire was made by connecting 
spools of it with rollers moved by clock-work, so that the work should to 
unrulled like the ribbon of paper in Morse's telegraph, the end of the 
wire thus gradually pushed forward, passed into the flame of an ordinary 
alcohol lamp, where it took £re. 

It is evident that a magnesium lamp of this sort must be much simpler 
and more compendious than any of the existing arrangements of the elec- 
trical, or of Drununoud's light For light-houses, ka., where an intensely 
brilliant illumination is required it can hardly fail to rival either of these. 
Where an extraordinary amount of light is needed, it could readily be 
prodnced by burning large wires, or several thin ones at the same time. 
Another important oousideration is the fact that the spools of wire, as 
well as the olock-work and spirit-lamp, are easily transportable. 

It is not, howerer, to the intensity alone of the magnesium flame that 
those lamps owe their utility, for the photochemical (i. t,, photograph ical) 
effect of the light is also very great. According to Bunsen, the phuto- 
chemi^l power of the sun is only 3G'6 times greater than that of the 
magnesium flame. The latter must therefore be useful in photographing 
by night or in anv dark or subttrranean locality ; the evenness and re- 
markable tranquillity of the flame, especially commending it for this 
purpose. 

The present high price of magnesium, it is true, must prevent any ex- 
tended use of it for technicol purposes. For exauiple, Lenoir of ^'ienna 
cliarges 3 Florins [1 Fl.=51 cts.] for a grm. of it ; hence the cost per 
minute of the light just described would be 36 Neaksfutzcr [1 ktr.= 
abimt i oi a ci.] ; and the cost during ten hours, would amount to 216 
Florins, while the ten kiiogramraea of stearine could be procured for less 
than 14 Florins. But even at this price, it could still be used b^ photo- 
graphers, since it would only be required for exceedingly short intervals 
of time, and all unnecessary consumption of the wire might be prevented 
by stopping the clock-work. — From Htamiti'i llliisir, ZdUchrift, 1859, 
p. 332 ; in Palytechni»ehei NoHMatt, 1860, av. C6, "- 
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SltUiform CryttaU of Snot.—Xa an article on Stelliform CryBtolB 
with special refeience to the crTBtollization of snow, ProfesBor Cbapman of 
Toronto, comes to the following concluBioDB : — (1.) S[elliform six-rayed 
ciTiitBlB are cummon to various iynlems, occurring not onl^ in the trirae- 
trio aJid in the monometric Bystema, new examples of which (as regards 
the latter) are described ; but also in the monoclinic system, in which, 
until now, none have been announced; and in which, moreoier, by some 
obser vers, these havebeen thought of impossible occurrenca (2.) Although 
thus shown to occur in various systems, none have yet been recognised 
with tterttunty, amongst lulnerala or in ortiScial crystals of the heiagonal 
system. (3.) Hence, from the facts given in conclusions 1 and 2, the 
assumed hexagonal crystallization of enow, if not disproved, becomes at 
least of very doubtful acceptation. — Canadiiin Jovriiat, January 1861. 

A Lunar Tidal Wuve in Lake JUichigan. — Lieut, -Colonel J. D. 
Graham bos announced the occurrence of a semi-diimial lunar tidal 
wave in Lake Michigan. Hia statement is based on 9184: observations, 
made on the tide-guage at Chicago, of the elevation of the surface of this 
lake, between the Ist of January and the Ist July 1859. The observations 
were carried on uninterruptedly both day and night (except in a few 
instances when violent storms would have rendered them inaccurate), at 
intervals of half an hour, us a general rule, and sometimes at intervals 
of fifteen minutes of time apart. From this series of observations was 
deduced the half- hourly (and in two places the quarteT-bourly) co-ordinates 
of altitude of the lake surface, compared with the time (betbre and after) 
of tho moon's meridian transit. 
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